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CEMENT CONCRETE ROADS. 



A section of Bombay-Poona Road. 


CEMENT CONCRETE IS SAFE. 

Its surface wet or dry is non-skid. 

It reduces the frequency of accidents. 
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Its light, grey colour with sharply 
defined edges gives maximum visi- 
bility at night. . 

'Tbe Associated Cement Cos,, Ltd. provide practically 
tall the Cement used in India. 
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Proceedings of the Third Meeting of the Indian Roads 
Congress held at Lucknow on February 22 to 24, 
1937. 


The Third Session of tho Indinn Roads Congress commenced at 11 A.M. on 
Pobruary 22, 1937 in tho Municipal JTall at Lucknow. Tho following members 
of tho Gongi’oss wore present : — 


PnOVINCES. 

Madras. 

Mr. A. Nageswara Ayyar, Special Engineer for Road Development, ^tladras. 

Mr. V. S. Srinivasa Raghava Achaviyar, District Roard Engineer, South 
Arcot, Cuddalore. 

Mr. V. H. Sadavangani, Professor of Oi«l Enginooring, Guindy. 

Mr. P. 6. Mathew, District Board Engineer, Bobbili, Visagapatain District. 
Mr. T. Lokanatha Mudaliyar, District Board Engineer, Negapatam. 

Mr. P. K. Muklierji, District Board Engineer, Cocanada. 

’ Bombay. 

Mr. R. A. Pitzherbort, I.S.B., Deputy Secretary to the Govt, of Bombay, 
P. W. D. 

Mr. N. V. Modak, B, B., M. Inst. C. E., M. R. San. I., etc.. City Engineer, 
Bombay Municipality. 

Mr, E. A. Nadirsbab, Ag. Hydraulic Engineer, Bombay Municipality. 

Bengal. 

Mr, 0. P. M. Harrison, Chief Engineer, P. AY. D. Bengal, Calcutta. 

Mr. A. K, Dabta, Consulting Engineer & Master Builder, Calcutta.' 

Rai Sahib K. C. Gue, District Engineer, Jalpaiguri. 

United Provinces. 

Rai Bahadur Ghhuttan Lai, Chief Engineer (rolii’od), P. W. D., B. k R. Branch, 
Lt. Col. AY, deH. Haig, D.S.O., Chief Engineer, P. AY. D., B. & R. Branclv. ' 

Mr. 0. P. Hunter, I.S.B.. Deputy Chief Engineer, P. AY. D., B. & R. Branch. 

Air. L. B. Gilbert, I.S.E., Deputy Chief Engineer, P. W. D., B. k R. Branch. 

Mr. AV. P. Walker, I.S.E., Executive Engineer, Agra, 

Mr. A. 0. Mukerjeo, I.S.E., Executive Engineer, Lucknow. 

Mr. Mahabir Prasad, I.S.E., Professor, T. 0. B. College, Roorkoe. 

Mr. R. K. Sarkar, Municipal Engineer, Luoknow. 

Mr. 0. 0. Bagchi, Sub •Divisional Officer, Luoknow University. 
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Punjab. 

Mr. S. 6. Stubbs, O.B.E., I.S.E., Ohiof Engineer and Secretary to the Govt. 

„ P.W.D., Buildings and Roads Branch. 

Mr. R. Trevor Jones, I.S.B., Sup'orintending Engineer, Roads, Punjab 
P. W. D., Lahore. 

Mr. S. Bashiram, I.S.E., Superintending Engineer, Ambala. 

Mr. E. L. Sondhi, I.S E., Executive Engineer, P. W. D., Simla. 

Mr. Bishamber Daynl, District Engineer, Rohtak. 

Bihar. 

Mr. W. L. Muii’ell, l.S.E., Superintending Engineer, Cliota Nagpur Circle, 
Ranchi. 

Mr. S. K. Ghoso, Assistant Engineer, Sitamarin Court, Dumrn. 

Central Pi evinces. 

Mr. B. St. J. Newton, Executive Engineer, Lower Mahanadi Divn,, Raipur, 
Mr. Q. 'M. Mckelvie, Executive Engineer, A kola. 

Assam. 

Mr. All Ahmad, I.S.E., Suporintondiug Engineer, P. W. D., Shillong. 

Mr. R. L. Varma, l.S.E. , Executive Engineer, P. W. D., Toxpur. 

North-West Frontier Province. 

Capt. J. R. Hainswovth, R.E , Executive Engineer, Peshawar. 

Orissa. 

Mr. J. Bakshi, Executive Engineer, Southern Division, Cultacl:. 

Mr. G. P. Ray, District Boai’d Engineer, Puri. 

Sind. 

Mr, H. B. Parikh, L.O,E , M.T.E , (Ind), l.S.E., Special Rojid Ba«inoor in 
Bind, Karachi. 

Mr. G. B. Vaswani, Assistant Engineer, Roads, Karachi Municipality. 

, Burma, 

Mr. H. Hughes, l.S.E., M. Inst. 0. E., Superintending Engineer, P. W. D., 
'v B. &. E. Branch, Rangoon. 

Delhi. 

Mr. A. W. H. Dean, M.O., Superintending Engineer, Central P. W. D., 
New Delhi. 

Mr. S. N! Ohakravavti, Municipal Engineer, Delhi. 

Mr. Ishti'aq Ali, Assistant Municipal Engineer, Delhi. 

Mr- J. N- Das Gupta', Assistant Municipal Engineer, Delhi. 
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Mililary Engineer Services^ 

Major W. R Whishaw, M.C., E.E., Bugmeer-in-Cbief’s Branch 

Army Headquarters, Simla. ’ 

Brigadier E. 0. Walker, Chief Engineer, Southern Command, Poona. 

Captain B. C. Clayton, Garrison Engineer, Wana. 

Government of India. 

Mr. K. G. Mitchell, C.I.E., Consulting Engineer to the Govt, of India 
(Eoads). 

Professor Baja Bam, Consulting Engineer to llio Malaria Survey of India 
Delhi. 

Mr. Jagdish Prasad, Assistant to the Consulting Engineer to the Govt, of 
India (Eoads), & Secretary, Indian Eoads Congress, Delhi. 

Mr. B. P. G. Gilmore, Government Tost House, Alipore, 

States. 

Central India, 

Mr. Prom Nath Bhalla, Disti’ict Engineer, Garoth, Holirar Government. 

Mr. Taracharan Gue, B.So., B.E,O.E., Chief Engineer, Eewa Durbar, 
Bo'wa. 

Mr. C. P. Saksona, B.C.B., Assistant Engineer, Eewa Durbar, Eewa. 

Bajpviana, 

Air. P. L. Bowers, C.I.E., M.C., State Engineer, Jaipur Government. 

Hyderabad. 

Mr. Arifuddin, Superintending Engineoi’, His Exalted Highness the Nizam's 
P. W. D., 4th Circle, Hyderabad (Deccan). 

Mr. H. M. Surati, Divisional Engineer, Eoads, Hyderabad (Deccan). 

Mysoi'e. 

Mr. E. W. Scaldwoll, Superintending Engineer, Mysore Circle, Bangalore. 
Mr, L, A, H. Winckler, Executive Engineer, Kadur Division, (Mysore 
P. W. D.), Kadur. 

Mr. N. Suba Eao, Executive Engineer, Bangalore. 

Gwalior. 

Eai Bahadur S. N, Bbaduri, Chief Engineer, P. W, D., Gwalior. 

Madras States. 

Mr. G. B. E. Truscott, Chief Engineer, Travancore State. 

Western India States. 

Eao Bahadur K. J. Gandhi, State Engineer (Kathiawar) Junagadh, 

Mr. U, J. Bhatt, State Engineer, Bbavnagar State. 
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Pwijah Stnics. 

Savdar Bahvant Singli, State Enginoov, Nablia Rtaio, Nnhha. 

Deccan Stnics. 

Mr. Y. A. Dighc, L.O.E., Chief Engineer, Jnnjira Slulo, .Tniijira. 

Mr. Y. .T. Kuntc, B.E., Stale Engineer, .Tainkliandi. 

Jfr. D. G. Sownni, Executive Engineer, Kolhaimr. 

Gujarnt Slates <C- Bamh. 

^Ir. AI. T. Adalja, L.C.E , Chief Engineer of P.avoda Slate. 

^Ir. i\r. E. Patel, B .A.. B.C-E., Executive Engineer, NnvRari JJiviRion, 
Baroda Slate. 

Knslrrit Slates. 

Mr. F. D. AYelhvood, Chief Engineer, Arnyurhhanj Stale. 

Iinsiiie.*.s Bejn esenlrilirc.';. 

Col. G. E. Soinvitli, Afe.Rsrs. .Shaliniai Tar Products (lf)3y) Ltd., Calciitfa. 
Mr. II. E. Orinorod, The Cement Afrakoting Co. of India Ltd., Boml)ivy. 

Mr. J. P. Anderson, The Dunlop lluhhcr Co, (India) Ltd., Ca'loiilta. 

Mr. J. W. Smitli, Standard Vactmin Oil Co., Calcultu 
Lt.'Col. II. C. Smith, (ionoral Secrolavy, Indian .Hoads .t- Transport 
Development Association Lid , Boinhay. 

Mr. C. D. N. Jfoai'os, Slundard Vnenmn Oil Co., Calontta. 

Mr, \Y. A. Eadico, Braithwailo, Burn & .Icssop Construction Co., Calcutta. 

Mr. D. E. Gough, The Society of Alolor M ami fact iirors and Traders Ltd., 
Bombay. 

Mr. D. Nilsson, .1. C. Gammon Ltd., Bombay, 

Eai Sahib IJari Chand, Tho Concrete Association of India, Laboro. 

Mr. I. N. Klianna, Standard Yacumn Oil Go., Delhi. 

^ilr, A. Burns Lawson, M. Inst. C.E., Tlio Hindustan Construction. Co., 
Ltd., Bombay. 

Mr, M. D. Bbarucha, B.E., Tho All-India Construction Co., Ltd,, Bombay. 
Jlr, W. A. Gvilliths, Burmah Shell Oil & Distributing Co., Ltd., Calcutta. 
Mr. H. .Tames, Burmah Sliell Oil fc Distributing Co., Ltd , New Delhi. 

^Ir. A. Stuart Lewis, Tho Concrete Association of India, Calcutta. 

Mr. TV. .T. Turnbull, Shalimar Tar Products (1035) Ltd., Bombay 
Mr. N. Dass Gupta, B.E., Standard Vacuum Oil Co , Calcutta. 

Mr. A. V. Gharpure, Hume Pipe Company, Delhi. 

Mr. M. il. Dosbi, Hume Pipe Company, Lucknow. 

Mr. Y. M. Meswani, Hume Pipe Company, Bombay. 

Mr. TV. H. Kerr, Bitumen Emulsions (India) Ltd. 

Mr. M.,B. Lloyd, Standard Vacuum Oil Company, Calcutta. 
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Mr. A. A Waugh, I.C.S., Secretary to the Governmentottb'eUnit“ciri-oviucos 

Public Works Department (Buildings & Roads Brcanch) was present as a visitor. 

His Excellency Sir Harry Haig. K O.S.I., T.C.S , C4ovoriior of the 

United Provinces, who arrived at 11 A.M. was received by the President Yioe- 
Presidants and members of the Oouncil and conducted to his seat. ’ 

In asking His Excellency to open the Congress Eai Bahadur Ohlmttan Lai 
then delivered the following addi’ess ; — 

Your Excelukncy, 


On behalf of the Indian Roads Congress I accord to Your Excellency a most 
cordial welcome and offer our grateful thanks for coming here to-day, to open 
the third meeting of the Congress. Before I request Your Excelleney to declare 
the Congress open, I may be permitted to say a few words reviewing its activities 
from its inception to this day. The necessity of liaving a technical Roads Associ- 
ation in India was felt by Highway Engineers in India but the idea did not take 
a concrete shape until 1931 when Air. Alitchell, the Consulting Engineer to 
the Government of India (Roads), suggested the creation of a society to promote 
the interchange of ideas and the pooling of experience in road construction and 
maintenance. This proposal met with the approval of provincial Governments, 
and the Government of India witli the advice of the Standing Committee for Roads 
decided to support it and to defray the whole cost of tlie first meeting from their 
reserve in the Central Road Fund, so far as official delegates from the Provinces 
and Indian States ware conceimed, Without this generous support of the Govern- 
ment of India, the preliminary meeting of the Congress held at Delhi in December 
1931 to discuss the proposal and to draw up a constitution for a permanent 
Congress would have been impossible. 

2. The preliminary meeting was opened by the Hon’blo Sir Frank Noyce, 
Member for Industries and Labour, and the general proposal to constitute an 
Indian Roads Congress was approved in its bro.ul outline. Papers on earth, tar, 
bitumenijsed and conorote roads were read and discussed and a most interesting 
tour of inspection in Delhi, the Punjab and the North-West Frontier Province 
was arranged. 

The first meeting of the Roads Congress was such an unqualified success 
that the provincial Govornmonts were unanimous for its continuance and the 
Govoimment of India decided to finance it from their reserve in the Road Account 
for a further period of two years. 

The second meeting of the Roads Congress was held at Bangalore and the 
inaugural address was dolivored by Sir M. Mir^sa Ismail, Diwan of Mysore. In 
this meeting many more subjects such as traffic census, economical maintenance 
and improvements of macadam roads, use of moUasos for treatment of roads, , 
Highway bridges, Research and Experiment wore discussed and an extremely ? 
instructive tour in Bangalore and Mysore was undertaken and completed 

Delegates from the Government of India, provincial Govornmonts, Indian 
States and business firms attended tho mootings of tho Congress Tho subjects 
discussed ranged widely from earth roads to modern roads of tar, bitumen and 
comont coucroto. Without going into technical details, I give below a biio 
rosumo of tho discussions. 

Em'Ui vqmIs. — Tho discussion on oarth roads resulted in an important pro- 
posal for soil rosoaroh. It was roalizod that tho total length of roads maintaiuof 
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by public authorities in India (excluding Burma) was about 3,00,000 miles, out 
6f which about 2,20,000 were immetalled earth roads. Those roads carry the 
■whole of the trallic from tlio fields, before it readies the metalled road, the 
railway or the nmrkob. TJjoy are, therefore, of vital imi)ortanco in the economic 
life of the country and their improvement -n'iU play an important part in rural 
•development. But the problem is a difficult one and has, so far, eluded solution. 
In its technical aspect the problem is partly of soil research and partly of the 
bullock cart wheel. It is obvious that if a w'ator-bound macadam road fails in 
three or four years under light bullock cart traffic, an earth road cannot be 
expected to stand, at all, the strain of that traffic, without a change in the type 
of the cart wheel. An immediate change on a large scale in the type of the cart 
wheel which will require less tractive effort and which will be less destructive 
to earth roads does not appear to be practical politics but there is no doubt 
that a beginning in this direction can bo made by mill and factory owners, 
by municipalities and Government departments possessing their own tholas and 
carts. At the same time I admit that it is the universal practice to make the 
roads to suit the traffic and not vice versa but unless this dictum is reversed in 
the case of earth roads, I see little hope of improving them even in water- 
bound macadam, as this does not seem to bo within the financial resources of 
provincial Governments. Something might be done by a study of the soils in 
their relation to earth roads, as it is likely to suggest methods of improvement by 
blending or other treatment. Experiments Avith this object in view were cai'ried 
out in the Punjab and the North-West Frontier Province but the subject is of 
a specialized nature and requires special study. This Congress has, therefore, 
resolved to approach the Government of India to provide the necessary funds 
from their provision for research and experiments in their reserve, in the 
Central Koad Fund. 

Next, in extent, to earth roads are the water-bound macadam roads which 
form and will, in all probability, continue to form a large proportion of the total 
milage of metalled ro.ads. Tlicso roads are suited to carry a slight volume of 
motor traffic and not too heavy a volume of bullock-cart traffic and the question 
of increasing their woai’ing qualities to make them suitable for ti’affic of greater 
volume and intensity lias engaged tho attention of Indian engineers for many 
years. Tiio greatest difficulty is encountered when there is a mixed traffic of 
rubber-tyred I'oliicles and iron-tyred bullock-carts, the latter predominating. The 
most economical method of improving them is still a disputed point but there is 
no doubt that surface painting or a covering of a thin carpet of tar or bitumen 
increases the life of a water-bound road, under certain conditions appreciably. 
Surface painting, in particular, has been found to bo satisfactory and economical 
under a traffic consisting predominontly of lighter rubber-tyred vehicles upto 1000 
tons a day. Simplification in methods of construction has been brought about by 
the introduction of emulsions and cut-backs. Study of the behaviour and struc- 
ture of grit as well as of tho quantity of binding agents such as tar and bitumen 
have given results which have enabled important improvements in constructions 
to be effected. Grouted macadam, asphalt or tar concrete, laid by the hot or 
cold process have also their advocates for heavy or very hea'vy traffic. 

Lastly, I should mention concrete roads which have, during tho last few 
years, been receiving increasing attention, particularly in the United Provinces. 
Preference is given to cement concrete roads, if the traffic is at all of heavy 
bullock-carts with iron tyred wheels but economic consideration, especially, tho 
initial cost, plays a large part in selecting tho type of road surface to be used. 
Cement concrete roads are expensive in first cost, if wo follow tho practice of 
foreign countries, in which concrete roads of less than 6" thickness are no longer 
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mado. In this Pi’cvinco, a thickness of inches has been used with oomulefB 
success so fav and the hi{>h initial cost has boon considerably reduced. 

This Eoads Congress has given attention to the collection of statistical data 
relating to the nature and volume of vehicular traffic as they are of nrimo 
importance in the classification of roads which is essential to ensure that money 
is not frittered away by adopting methods of improvement which might be un- 
economical. Standard method of taking traffic census and the installations of test 
tracts and a research station or stations have, therefore, been proposed. This 
last is an important proposal. Actual tests on roads constructed with different 
materials in different proportions, and by difforont methods in various permu- 
tations and combinations of climatic conditions, nature, volumo and intensity of 
traffic take many generations and by that timo the discovery of new materials 
and now methods rondcr tho results valueless. Tost track is a short out to 
arrive at results and although owing to tho omission of timo factor exact results 
cannot be expected, it is bolieved that tests carried out under extreme conditions 
will give safe results. 

I have now briefly reviewed tho activities of the first two meetings of the 
Indian Roads Congress. In places, I have expressed my personal opinions also. 

I need not anticipate the subjects which it will discuss at its meeting, this year. 
There are subjects which it has not considered so far, such as tho width of iron 
tyros of animal drawn vehicles and their effect on road surfaces, the maximum 
permissible load to bo carried on motor vebiolos. It seems to mo that the load 
transmitted by vehicles to tho road surface should bo such as could bo safely 
borno by tho existing bridges and would not nocossilato the complete re-con- 
struction of our roads or impose an intolerable financial strain on public revenues. 

So here again wo are up against the commonly accepted principle that tho roads 
must be constructed to suit tho traffic. It is true that the roads must serve 
tho traffic but tho weight and dimensions of vehicles should ho restricted, if the 
Oriuilibrinm between tho needs of traffic and the resources at tho disposal of those 
responsible for tho upkcoi* of roads, in a good stale of repairs is to be established. 

Your B.xcollcncy,* I have taken too much of your time in giving a short 
account of the two previous meetings of tlio Indian Hoads Congress and in 
emphasising tho importance of some of the problems it has discussed. It is now 
my pleasant duty to rcQUost you to declare this third mooting of the Congress 
open. 

His Excellency then addressed tho Congi’css as follows 
Me. Peesidunt and Gentlemen,— 

It is my very pleasant duty to welcome you to Lucknow for tho third r 
session of tho Indian Roads Congress. The choice of Lucknow may I hopo he *' 
I'ogardod as a compliment to tho United Provinces, and on this occasion it is 
particularly appropriate iu that you, Mr. President, have been so long and honour- 
ably connected with the Public Works Department of this Province, finishing 
with four years of valued service of Chief Engineer of the Buildings and Roads 
Branch. It must, I think, afford satisfaction to you that during your tenure of 
oifioo stops have boon taken to rohahilitato and extend the net-work of important 
provincial roads, which, owing to tlio slump in ]U'icos and the imperative need for 
oconomj', was in some danger of falling soriou.sly, and for an indefinite period, 
below tho minimum roquiromonte of existing traffic. I am sure you will watch 
future developments with interest, and that, tjirbugh the medium of this Congress 
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and otherwise, your friendly advice and suggestions will bo available to your 
successors and to road engineers in general. 

As you have pointed out in your address, the important institution whoso 
third mooting wo aro attending today owes its foundation in no small moasuroto 
the onorgy and initiative of my friend, Mr. K. G. Mitchell, w'hoso prescnco here 
today I cordially welcome. Ho was part-author of that mine of information, tho 
Mitoholl-Kirkness I’cport, and ho has since had much to do with the inauguration 
and administration of the Central Eoad Fund and of the Transport Advisoi’y 
Council. I think you w’ill agree with me that the Indian Roads Congress is far 
from being the least important of the many products of his fertile brain. 

The whole world over, road policy and transport problems are now being 
canvassed with a vigour and intensity lor which there is no previous pai'allel : 
and scaroly a day passes without fresh views on one or other of tho many aspects 
of these iirobloms appearing in the Press. To co-ordinate tho various forms 
of transport so as to servo the public convenience, v/hilo reconciling interests 
which are (perhaps more apparently than actually), in conflict has become a 
matter of very great importance. But apart from these wider questions of 
policy the existence of a purely technical body, such as this, concerned with tho 
interchange of ideas on the construction and maintenance of roads and bridges, 
and with the advancement of road engineering technique, is most valuable, 
indeed I would say, essential. I am confident that tho importance of scientific 
research in road matters will impress itself in increasing measure on Govern- 
anonts, and that they will find it to their interest to do what over lies in their 
power to place this institution on a stable and enduring basis. 

Before I pass on to a brief consideration of the main problems now con- 
fronting us in road policy, may I, Mr. President, pay a tribute to the lucidity 
with which these problems and the methods by which they are being met are 
indicated in your address? It has been remarked, with some truth, that road 
construction is becoming more and more a matter of tho laboratory and of 
chemical research. I should like to emphasize the need for explaining these in- 
vestigations and conclusions to tho layman, to tho taxpayer and to those res- 
ponsible for tho finance and administration of road policy, in terms wdiich they 
can appreciate and understand. There have been some notable instances in 
which a popular explanation of technical engineering programmes has evoked a 
ready response ; and, it you wish your technical recommendations carried into 
practice, I feel sure that you must, in future more than ever before, take tho 
people with you. 

What are the main road problems of today? As your President has 
pointed out very clearly in liis address, the long-standing principle, that tlio 
roads must bo constructed and maintained up to tho demands of traflic, is now 
inevitably called iq question by Ibo rapidity \\ ith which these demands aro in- 
creasing. blotor transport asks a groat deal of Iho roads, and wo have to con- 
sider to uhab extent by improved methods wc can within our financial resources 
' meet the demands, and lo what extent it is reasonable to limit the demands, 
for instance in respect of tho weight and the load of motor vobiclos. But wc 
must not regard the Irafljc problem as merely ono of motor vehicles.* "Wo in 
this province have witnessed in the last 25 years a very largo increase in tho 
number of carls, from some 8 lakhs to about 11 lakhs. Accompanying this 
increase there is, as our trallio censuses show, nn increased use of the roads by 
carts individu.ally, and especially by heavy iron-tyred carts -which aro particular- 
ly destructive to tho road surface. Again, there is tho growing problem of 
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accommodating at one and the same timo fnst-moving and slow-moving traffic, 
■which raises im]iortant questions of tho plan of our roads. Past-moving traffic 
too has brought in its wake the prohlom of the dust nuisanoo, and its discomforts 
and dangers both to health and to tho safety of traffic. Then we arc always 
faced ■with pressure from tlio iiiliabitants of undeveloped tracts tor new roads, 
and for tho bridging of unbridged streams. And finally tlioro is tho w'ido field of 
maiatenance and improvement of unniolallcd roads and of the extension of 
village tracks, and tho best means of fitting them for tlio increasing traffic they 
ougiit to carry. Without taking into account many more advanced ideas, tho 
solution evon of tho prohloms I liave indicated seems to demand intensive 
thought on traffic and maintenance problems, and in tho liglit of present costs 
a level of capital and recurring outlay which might well make any provincial 
Government feel despondent. 

You will, I trust, forgivo mo for taking up your time with a mention of 
some problems wliich arc concerned Avith general road policy rather than with 
technical advance in road construction and maintenance. 1 liaA'o done .so 
because tho problems whicli I have instanced nil ))oinl inevitably to one con- 
clusion, that no groat advance is possiI)lo without adcqtnite financial resources, 
lb is tho paucity of theso wliich make rcscarcli into road co.st and road metliods 
a matter of tlio most vital importance. If resonrcii can evolve metalled and un- 
raetallcd surfaces suitable to the typos of traffic concerned at materially lower 
levels of cost than now prevail, then, and only then, is tliore any prospect of 
substantial progress. If, lor instanco, research can cA’ofve a molliod wlicroby 
uninctallcd roads can, at tho close of the monsoon, wlicn tho soil i.s rapidly, 
hardening, be provided Avith a cheap hut durable surface for the cold weather 
trall’ic season, then tho gain to tho rural public in such matter as delays, the cost 
of bulloolv's, and cart upkeep, would he enormous. This gain might very well Jiavo 
tho cfifoct of stimulating, indirectly, thoextonded usoof suitahly-tyrcd wheels, and, 
in particular, of pnoumatic tyros, .\gain, and with rcfcronco more particularly to 
motullod roads, one is inclined to ask Avhctlier there is not still a great field for 
research and experiment directed towards reducing the cost of modern surfacing 
materials. Again, Avhon signs aro disccrnahlo of a general economic rovival, 
would it not ho of immense advaiitago if industry could co-oporato Avitli pro- 
- vincial Governments to tackle ip earnest the production and supply of carlAvliools 
and tyros of cheap but carefully planned design which would saA'o tho lifo both 
of tho roads and of draught catllo? 

It is lioro, gentlemen, that those who havo to deal, hamiiorcd as lliey aro 
by inadequate resources, Avith tho A’oxod problems of road and transport jiolicy 
turn anxiously, but hopefully, to you and to your doliboi’ations and rosoarohos. 
Tho Indian Itoads Congross is now ontoring on a stage Avlion, wo all hope, it 
may bo ])05sil)lo for tcclinical skill to produce practical results of far-reaching 
A'aluo and importance, Jt is only vory recently that tho Avorlcl colobralod tho 
Iiimclrcdth anniversary of tho death of John Loudon Jlacadam, tho Scottish 
I'lngineor whoso in volition of a method of forming a h.ard-surfiicod road rovo- 
hitioiiixcd tho roads of tlio entire civilised world. Will India produeo a second 
Macadam of her own, to deal Avitli her oAvn iioculiar road prohloms ? Tlio need 
and tho hour are riiio, 

■ Gontlomon, I sliall nol dolain you any longer. I timnk you for inviting liio 
to attend tho opening of your discussions. I Iiavc much ploasuro in declaring 
this third mooting of tho Congress oiion ; and I wish you all siiccosa in yoiir 
labours and deliberations. 

llis- Excollonpy thon doparlod and the Congress adjourned till 2 O'clock. 
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First Day, Monday, February 22, 1937. 

The Congress re-asseniblefl at 2 p.m. ^Yhen the {ollowing two papers wore 
read and discussed 

Chairman : — Mr. S. G. Stubbs, O.B.E,, (Punjab). 


Paper No. 32. 


SOME NOTES ON THE LAY-OUT OF RUKAL AND SUBURBAN 
ROADS IN THE PUNJAB. 

By 

B. Trevor Jones, .l.Af. Inst. C.E., Supcriiitcnding Engineer, ('Bonds), 
and Secretary, Communications Board, Punjab. 


Hitherto little attention lias been paid to road design in India in .so far as 
it alTocts the convenience, safety and comfort of the road user and the many 
and diverse typos of vehicles which travel on our highways. 

In the Punjab in recent years the immediate need has boon the provision 
of any sort of a road, \Yhich can justify the title, from A to B in a spirit of 
compromise between urgent need and scant means. Even today witli a 
reasonably assured income for development, planning of now roads must 
perforce be confined to the most modest proportions and standards, if the needs 
of the Province are to be served ns a whole and funds available expended to 
the best advantage. And no doubt this policy is the correct one even if it 
postpones the solution of many intricate layout i^roblcms to a future age. 

Nevertheless the more pressing needs of improvoniont cannot bo thus lightly 
thrust aside and today many of the facilities which seemed ample to our fore- 
fathers now cry aloud for expansion and replanning ; as in years to come our 
descendents must rebuild and widen the narrow bridge and strait road which is 
all that can be provided today. 

In brief the design and execution of a road to the standard today obtaining 
in Western countries is an unlikely opportunity for the Indian Engineer— the 
Indian Road must be a creature of evolution, of slow growth and infinite 
patience ; a child begotten in haste and reared in poverty : a victim of many 
vicissitudes and uncertainties. 

Widening of metalled luidtJis . — ^To the uninitiated and slmllow observer 
the width of metalling with which Punj.ab roads are equipped is a source of 
wonder and criticism. For the usual width of 9 or 12 feet renders it impossible 
for two cars to pass each other on the metalled surface and the game of “ last 
off the tar” results in discomfort for one or both parties and not infrequently in 
disaster. This criticism is readily answered when it is realised that to increnso 
our present road widths to 16 feet (which is the minimum widtli in which two 
vehicles can pass each other) will cost approximately 2 crores of rupees, if the 
same standard'of metalling as exists is observed. .Already urgent road widening 
has reached . aV figure' of 5 lakh's of rupees and it will be many years before 
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txvo-way oarriago roads aro established throughout the Punjab, Certain stretches 
of roads, such as the first 17 milos of the Eawalpindi-Murree-Kasbnfir Road are 
at least 18 feet, whilst the Lahore-Amritsar Road is 20 feet minimum in width 
At the moment tho criteria, which will establish the crucial state of affaire 
where further increase of the metalled surface is vital, is a question which is 
exercising engineers’ mind in the Province. At one time it \vas felt that the 
main need was to distribute the weight on heavily traJBQoked roads over a wider 
surface ; but it is now realised that it is the safety of the public and the 
avoidance of accidents which is the main object. It has been suggested that at 
certain selected points in the busiest thoroughfares, observations should be made 
of the number of times vehicles are forced off the direct metalled surface on to 
the berms and observations thus recorded of the comprative use of berm to 
central, strip. It is also being considered whether it will not be possible to 
widen roads to a cheaper specification by the uso of brick ballast or kuaker to 
suitable thickness subsequently tarred. If this W’ould not result in a particularly 
stable road, it Avould at least provide a hard surface in place of the doubtful and 
skid-causing earthen berms. 

Tlie need for improved berms . — However it is realised that to widen the me- 
talled roads universally throughout the Province under present economic and 
other conditions is prohibitive, and efforts must be made to improve berms. The 
long established methods of making up bonus to the level of metalled sui’face 
' after consolidation or tarring are too well-known to be described here. Tho 
state of earthen berms naturally depends largely on the soil in the vicinity, but 
more frequently it is climatic and seasonal conditions that provide either that 
tho barms shall bo loose dust or liquid mud. Under such conditions it is usu- 
ally the ease that the earthen berm has worn away from the metalled surface, 
leaving a considerable drop between the two. Tlmrefore it is necessary that far 
more attention should be paid to the maintenance of berms if they are to be used 
with greater safety by fast moving traffic than obtains at present. The difficulty 
is of course that I’adieal improvement must make for expense and increased 
maintenance cost, but still there are ways and means and a good deal of indige- 
nous material which could be successfully used for roughly metalling berms. 
Hitherto in a great many places good clay earth has been imported at consider- 
able expense to maintain the berms as it was considered a breach of fundamen- 
tal.rules to employ anything else. 

Bough metalling. —In Rawalpindi District a great deal was done by the writer 
in roughly metalling the berms with conglomerate sand stone or boulders, which 
can be found lying about in most parts of the Northern districts, This stone 
crushes very easily and is not of much value for consolidation owing to its shape. 
The method employed in Rawalpindi was to hand pack the sides with boulders 
and a certain amount of earth mixed with them, thus forming a pavement which 
was consolidated partially hy traffic and occasionally by steam road rollers. 
Orders were given to road roller drivers to keep their eyes open when moving 
from place to place and not to travel in the centre of the road but on the sides in 
order to consolidate the berms. If a berm could be consolidated prior to the 
application of a tar paint coat the surplus bajri or shingle would be spread 
the sides and a very safcisfaciiory joint between the berm and macadam would 
result. However the I’apid run off of I’ain water usually formed a channel be^ 
ween macadam and the berm pavement and thus the drop between the metalled 
surface and the berms was not entirely oHminaled. The cost of such lo'ug 
•netalling was approximately on an average Es. 40/- % eft. including conso i- 
dation. .This is about twice the cost of imported earth for berms but as its i o 
was 2 or 3 years and earth filling for berms is an annual event, it is.an economical 
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process. During tho writer’s time til Rawalpinrli it was {{mfifyinR to note that 
frequently bulloolc-cavts ap|ioavc(l to prefer the bortii pavonicnt to the tarrefl 
road. Again wlioro river sliinglc is within reach, good results can ho ohlaincd hy 
spreading it loose in the form of a gravelled patli over the cotisolidalod earth 
of the berm. Uowovor, such iiitnnccs of the availability of cheap shingle 
are rare. 

Brick c(h/nitj . — motliod wliich has not boon adopted to atjy great e.\lcnt 
ill the Punjab but which appears to lie used considerably in the Dcllii Province is 
to place a brick on edge curb at the edge of inotalHng. Such a protection would 
go under tiic category of original works and would cost Ps. 700/- a mile, hut it 
appears to bo very lasting and oliminalfts to some oxteui the danger of a drop 
between metalling and the liorms. fn most old oslaldishod roads a great deal 
can ho dono hy the collection of spare luclal, brick hallast, etc , and forming 
a “pushta” of about a foot at the edge of llio tar .As a temporary incasiiro 
this was fairly successful hut supplies of '‘ircusuro trove” in the form of spare 
metal soon became exhausted. great deal moru miglil he made of kunker de- 
posits, if they occur close to the ro.id, hy spreading thi.s material a few inclics 
thick over a well compacted berm. 

Earth Hlnbilizalion. in bhc Gurgaon Division on mite If) of the 

Delhi” Alwar Road an exporimont was tried with the use of ’’JUtumnls'' ns a 
stabilizer to the earth of tlie henn. The soil was sliihilizcd with a 2" mat with 
3% bitumen content, whicli worked out at Rs. 3/-7v> sft. AVhen it is realised that 
a coat of 3" brick ballast could bo laid for about Rs. 2/-‘u sft. the use of hltumcii 
as a stabilizer does not appear to lie n very economical proposition. 

Waterinu berim . — Of course whore canal water is availahlo or whore water 
can bo pumped on to the berms, very valuable results can bo nolnovcd : in fact it 
may be that the easiest and the least expensive solution of the earthen horms 
question is a systematic organization of watering periods In sandy soils at- 
tempts have boon made to moot the situation by tho use of grass mats made 
from reeds, surkauda and scrub but all these methods are merely palliatives and 
are not really satisfactory. 

In canal areas water for kaolin roads is available at Rs. 30 - per mile per 
annum for 8 waterings except in October and November : but siipidics arc by no 
moans assured. Also if and when the soil physicist and tho engineer in combi- 
nation produce practical means of stabilizing cartli to witbstand trallic without 
broaking up, obviously a groat improvement to berms will bo possible anil safety 
to tho travelling public will bo increased. However safety cannot lie .assin-cd 
until at least 18 feet of uniformly coinpaclod fairway is provided — an ideal im- 
possible of realisation at the moment. -- 

Dual Carnarjewaijs . — Tho Consulting Engineer to tho Government of India 
(Roads) has recently propounded an interesting idea that in cases of existing 
water bound roads, wliicli require reconditioning and on which lic.vvy bullock- 
cart trnllio move, whether it would not bo advisable to surrender the existing 
road to tho carts and to construct alongside an entirely new trade, which would 
bo rosorvod solely for fast moving vobiclos. Tlic conditions necessary for the 
fullilmont of such an experiment wore (i) that tho road foriiiattou should he at 
least 50 feet and (ii) that tlio avenues of trees should ho well away from the 
road. As far as tho Punjab is coiiccrnod, untortuualoly or fortunalely the majo- 
rity of heavily trallickod roads are tarred and no saving, and in fact much greater 
expenditure, would result in tho construction of now tracks for any particular 
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form ' of ' traffic. However if; is poasible that experimenta of this nature may 
be tried out in parla of tiie Province where kunkov is cheap and readily avail- 
aide. It is believed that if the bnlloek-cart can bo excluded, it is possible to tar 
directly on to the.kunker surface, and very considerable economies wouhl result 
thoroliy. Wliab perhaps is more interesting in this suggestion is the dawning 
conviction that segregation of various sorts of traffic is Ijecoming of vital neces- 
sity and is perhaps even more urgent in India than in Europe, Dual roads and 
special tracks for various categmies of traffic are becoming more and more estab- 
lished in England and it is obvious that sooner or later something will have to 
bo done on tho same lines in India, with its motely road population of vehicles 
of v.ai’ying speeds and controlability. Segregation of traffic ho%YCver is by no 
moans unknown to India and it would appear that in the caily days when tlio 
Grand Ti'unk Hoad was laid out, tho wido road lands acquired wore me, ant to 
aecommodato many sorts of traffic on seperato tracks. On a page in Kipling’s 
Kim will be found the following passage : — 

“And now we come to the Big Road the Great Road which is the 

Imckbone of all Hind. . For the most part it is shaded as above with 
4 lines of trees : the middle road — .all hard— takes tho quicic tralfic. 
In the days before rail-carriages the .Sahibs travelled u]) and down 
hero in hundi'eds. Now tliero are only country carts and sucli like. 
Left and right is the rougher road for the hea\>a' carts— grain and 
cotton, hhossa, lime and hides.” 

There would thus seem to be a pi^esumption of truth that in the early days 
segregation of traffic was a normal condition. Today the sidetracks i c., “rougher 
roads", in many cases have entirely disappeared and the roadland away from the 
formation is an area of borrowpits, dumps for road material, .arboricultural activity 
and not infrequently the happy hunting ground of the encroacher. Consequent- 
ly today an .area of formation of some 30 feet is tho only real highway and i.s 
used by all and sundry. From the motorist’s point of view it would be tho 
greatest advantage if it were ]iassible to forbid tho bullock carts and the slow 
moving unwieldy vehicles tho use of metalled road allogotbor : but tho latter 
vehicle appears to liave established its right to tlio metalled surface and undoub- 
tedly the liard suifacod road ouablos tho Zaraindar to carry far heavier loads 
with loss tractive oileot than on tho katcha road. Ncvertboloss sooner or later 
sidetracks must bo provided for the slow' moving traffic on established routes oven 
if the cost appears prohibitive at the moment.' 

An example of lay-out for trajjic segrerjalion in Lahore . — An example of an 
almost ideal road in this respect can bo seen on the section between the Ghota 
Ravi Bridge and the approach to tlio main Ravi J3ridgo at Lahore. Here on 
either side exist special tracks for heavy bullock carts, which are habitually used 
by them. It is true that one track on tho west side of tho formation is metalled 
but on the east side it is katcha and appears to be as impartially used as the 
other side. This section of road is also very interesting as an example of tho 
w'oar and te.ar which the heavy bullock carts exercise on a taiaed water bound 
I'oad. For at the moment the segregated section possesses a smooth uniform 
surface, w'hereas the adjoining sections used by bullock carts is definitely the 
reverse. (See photographs at the end of the Paper).' 

In tho layout of the new arterial roads in the Province it is unfor- 
tunate that means do not allow for the pui'chase of land to the old minimum of 
110 feet. The Grand Trunk Road is in many places 150 feet and over. This 
at least .provided additional land for future sidetracks. The' tendency today as to 



meet the onslaughts of buliouk oarla wiien tlie intensity is excessive, by 
provision of concrete ti’aokways. This meets the situation from tlie material 
sense of weight of traffic but does not solve the question of safety of the public. 
It is not the intention hero to press for universal provision of special roads for 
buUook carts and slow moving traffic as such an ideal under the present circum- 
stances is obviously incapable of realisation. However it w’ould seem wise to 
maintain side tracks for the use of pedestrians, mules, horsemen and unladen 
bulloek-earts etc. on either side of the main formation and at least to make 
them passable for the passage of such traffic away from the crowded metalled 
thoroughfares. Hitherto the Public Works Department and local bodies have not 
been encouraging the use of the additional land for such purposes, and to 
the writer’s mind there is nothing more aggravating to find than botli sides of the 
formation fenced of for miles for the purposes of arborioultural plantation and 
nurseries and any means of escaping from a stream of lorries, cars and other 
vehicles denied to the humble pedestrian or venturesome equestrian. 

Modern Practice in Europe . — It is interesting to note the acceptance of the 
principle of segregation of traffic of various kinds in present day planning. A 
typical section of a new road is reproduced in plate No. I. Special cycle tracks 
are a feature. It will be seen that no provision exists for the domestic animal 
in any form and it is presumed that unless conveyed in vehicles the presence of 
such traffio is not contemplated on this road. Although it has been said eai'lier 
in this paper that the Indian Engineer cannot hope to design and build roads to 
the standard of Western countries yet he is not debarred from building " Castle 
in the air" like anyone else. 

A section (see plate No. II) is attached which is an adaptation to suit 
Punjab (and North Indian) needs of the English prototype. Athough such a 
lay-out may be today considered lavish and extravagant to a degree, it is obvious 
that if motor traffic increases some such replanning will be inevitable on many 
of our trunk roads. 

Eoadside trees . — In the layout of roads in India the planting of trees is an 
integral part. In the Punjab a Divisional Forest Officer has been recently 
appointed to examine and co-ordinate arborioultural activities in the Province. 
The appointment of this officer has put rather a new complexion on the question 
of roadside arboriculture and to some extent there has been a clash of ideals. 
The road Engineer feels that the main reason of tree planting is to provide shade ; 
with the Forest Officer the commercial aspect looms large. It was recently 
pointed ont that roadside arboriculture was not a paying proposition and that 
the expenditure was Rs. 1,50,000/- and the income Es. 32,000/- on an average 
for the last five years. From this point of view the error of the P.W.D. officer 
has been in his failure to fell trees which are most valuable for commercial 
exploitation. The P.W.D. officer, with perhaps an eye to the lesthetio side, 
has not the heart to fell roadside avenues in their prime ; in fact he would pro- 
bably get into serious trouble if he did. The tendency then exists to remove a 
tree only when it obstructs road or fairway or is unsightly owing to decease. 
On Punjab roads therefore the day of reckoning has arrived and the Province is 
faced with the verdict of the export Forest Officer who advises the wholesale 
removal of magnificent avenues of trees as they have reached already their prime 
and will be soon of no value as timber. It is true that three new trees am 
planted for every one felled hut as this is a reparation for the future it is hard 
to convince the Road Engineer of its immediate necessity. No donht the 
problem will bo solved in a spirit of compromise. But in laying out and planning 
new roa,ds it .is pat'ent-tbat the advice and co-operation of expert arboyiculturist 
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as to the typo of trao to be planted is most valuable and a very obvious form of 
co-operation between departments of State. The criticism might be levelled at 
present methods that too many trees are planted on either side of the road and 
tlio idea of avenues is frequently lost. The main ideal would appear to be that 
trees are planted at the edge of formation and at boundaries. Another point for 
serious consideration is the position of the formation edge trees. In many 
oases on the older roads trees were planted frequently on the slope or the toe of 
berms and trees in such position have undoubtedly been the cause of death and 
injury on the roads in recent years : true due more often than not to careless 
driving. At present it is proposed to plant no trees nearer than 25 feet from 
the centre of the road. This is all too close and if and when road formations 
have to be widened wholesale felling will be necessary, In fact it is for serious 
consideration whether trees at the too of formation should not be 'abolished 
altogether. It is arguable whether fast traffic need shade tree.s at all and that 
if special trades are made and used by slow traffic, whether arboricultural 
activity should not be condned to the latter's amelioration. There is also the 
question of the advantages of shade to the life of tlie tar or bitumen employed 
as the surfacing medium. Protection from the sun’s heat undoubtedly obviates 
bleeding in the case of tar and prolongs its use. 

However custom and present traffic conditions demand that the edges of 
road formation shall be fringed witli trees and if and wljen something of the 
nature of road planning adumbrated at page 11 materialises, such trees as are 
now planted will be cut down and sold to the joy of the commercially minded 
Forest Officer. 

Poles on roads . — Another feature of modern roads which requires fore- 
thought and design is tlie position of posts and pylons carrying cables, telegraph 
and electric pc^vor ; most of which liavo to bo accommodated on important 
roads. In and outside many big towns the haphazard methods in which lines of 
cables, their posts and stays, have been situated are a considerable cause of 
embarrassment and expense at the present time. AYith road improvements, 
widening, footpath.s etc., which are inevitable in these days, constant shifting of 
lines is rendered necessary and it is patent that some considered plan of original 
layout for such services must lie included in original planning. To lay down 
standards for future planning is not easy owing to the diverse conditions which 
must arise but it all goes to prove that land additional to the formation width 
is necessary and that such extra land must be carefully parcelled out to 
provide for 


(1) trees, 

(2) side-tracks, 

(3) electric light and telegraph poles, 

(4) paths, 

(5) borrow-pits and dumping grounds. 

The term 'road waste land’ should he sternly suppressed as it is the foun- 
dation of many misconceptions. 

Hill Roads, Corners and Curves . — In the Punjab there are a considerable 
number of hill motor roads hut none of them ware designed origjn^dy 
motor traffic, although the new Programme provides for the construction an 
improvement of a number of such roads, especially in the Salt Pange. . Ip, recent 
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"The forty foot radius of the island has been found moat suitable for all 
vehicles, including those vvith the longest wheelbase. 

"Thirty foot radius has been found necessary to obtain the required retar- 
dation. In the case of all intersections and juctions on the level it is 
necessary to insure retardation, although this is a serious reduction in 
the efficiency of each road as a means of transport which should be 
designed to provide for maximum speed, carrj'ing capacity, safety and 
comfort with minimum distance and curvature, horizontal and vertical. 


"This need for retardation is often not appreciated by drivers who sometimes 
point out that an intersection or junction could be designed to allow of 
greater ease and speed — a defeating of the object of the design, namely 
retardation. 

"Some members will be aware that when such drivers happen to be also 
members of the responsible highway authority, the position of the 
engineer, also responsible, is rendered difficult, and firmness in insisting 
on correct design is necessary. 


“Turning to the intersection of roads carrying distinctly unequal amounts of 
traffic, the staggered crossing has been found effective whereby fast, 
through traffic is not checked, but traffic on the minor road is compelled 
to slow down or stop till a safe opportunity occurs to weave into the 
traffic on the major road and out of it again, by a rightangled, left-handed 
turn in, and a rightangled, right-handed turn out. Here again a radius 
of 30 feet should ha provided at the angles.” 

However it would appear that again the bullock cart is the devil among the 
bakers.' The oooidenbal designer of roundabouts has not this vehicle to contend 
with and it would appear that a procession of bullock carts traversing a round- 
about could cause the most widespread traffic dislocation. 


Conclusion . — Quite apart from question of railway competition. Govern- 
ments do not like roads. They are an expense, with no assessable return. 

But the public of India are undoubtedly each year becoming^ more road- 
minded and it is fair to assume that this need will express itself in a forceful 
demand for sate and adequate roads “Where there’s a will there’s a way —the 
means will be found to create and plan suitable highways and it is the writer s 
plea that whilst fulfilling the immediate task with the means at our disposal, 
t^he ideal of something better than the present best should not be put away 
as beyond our ken. 
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bISCUSSIONS ON PAPEE No. 32. 

Mr. R. Ti’evor Jones (Author): — Mr. Chairman and gentlemen, — I must 
commence by apologising for the somewhat superficial and sketchy nature of 
my paper. 


. The lay-out of roads is a big subject to tackle and one which has become 
a pi'ominent issue in I'ecent years. Road design must perfoi'ce be a matter 
oi evolution rather than the result of critical scientific investigation. If it 
were the latter, modification would not be so frequently necessary.- Further, 
funds ai'e scarce and it is only possible to achieve the minimum results. In 
contra distinction to Irrigation and Railway works, it is seldom possible to 
design a road project to any degree of finality as a comprehensive scheme. 
Nevertheless in designing new roads the fact that expansion will sooner or later 
be a vital necessity must not be lost sight of atid scope or “elbow room” he 
retained to meet the demands of the future. In ray paper I have attempted to 
show the present position in the Punjab. I would say the greatest needs on 
our metalled roads today are : — 

- ( i ) provision of two carriagewaj’s ; and 

(ii) segregation of slow and fast traffic. 

I have made it clear that 'such improvement is not financially possible im- 
mediately, but my plea is that a groat deal more can ho done at moderate 
cost to improve things. We cannot provide two carriageways ; so wo must pay 
far more attention to our herins and we can pave the way for segregation of 
traffic bj' making and maintaining side tracks and induce tho habit of their use 
by carts, animals and pedestrians. Further the futuro must bo provided for 
by acquiring sufficient width of land in all new roads at the outset. At page 13 
I refer to certain photographs of the hullock-oart road in Lahore but these have 
unfortunately been omitted by the Roads Congress Powers that be. I however 
have them with me should anyone wish to see them. 

Mr. S. Bashiram (Punjab) : — Air. Chairman and gentlemen, — 1 wish to con- 
gratulate Mr. Trevor Jones on the excellence of bis paper. It may be as he says, 
sketchy, hut it is most useful. There are just a few points that I wish to 
comment on. 

On page 12 of the paper Air. Trevor Jones has made some remarks about 
brick edging. I am afraid 1 do not agree with this idea of giving an edge in 
bricks or any other material like that. This brick edging.or curb only removes the 
mischief some 9 inches away and the objection still remains. Those of you who have 
driven along the Dolhi-Ambala Road must have seen that this curb exists on 
the road in Delhi Province, and that the bricks are standing there sheer irroud, 
a matter of two or two and a half inches, and every careful driver avoids them. 
Further, the surface presented by these bricks is extraordinarily rough and I 
really do not see any advantage at all in having them. 

Then there is the question of earth stabilization. The experiments which 
Mr. Trevor Jones refers to were actually carried out in one of my divisions, and 
however excellent this stabilization may be for aviation grounds and similar re- 
quirements, I am certain that it is nob any good for road berms, as the stabilized 
earth mat crushes very badly indeed under bullock-cart traffic. Apart from this 
there is of course the question of expense. It is nob economical as we find that 
a coat of three-inch brick ballast is definitely cheaper and more satisfactory. 


Then on the same page, Mr. Trevor Jones discusses the question of dual 
carriageways. The cheaper-'^ ^ sitipn in the Punjab where all Provincial roads 
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ha-ve l3oen fcaiTod, would appoav to be to refsovve existing suvlaoes for the fast' 
tvuffic aiKl to build entirely new surfaces for lieavy bulloek-carl traffic which 
need not bo taried at all. As a matter of fact t]\e estimate for a trial length 
that wo have sent up to the Hoad Engineer for being funded has been drawn up 
on those lines. 

At page 15 there is the niontion of hill roads. Obsoivations on tlic Kalka- 
Siuila Eoad show that tho width of the can-ingeway round curves should be a 
minimum of 31 feet, if not 12. 

At page 1 7 in tho “Conclusion" Mi-. Trevor Jones says, “ Quite apart from 
the question of railway competition, Governments do not like roads. They aro 
an expense, witii no assessable return”. That possibly may give a wrong 
impression, because from what 1 know of Mr. Trevor Jones’s views I do not 
think he suliscvibcs to that statement as it reads. I think lie is definitely of 
the opinion that roads are not a luxury but a necessity and that the return on 
expenditure incurred ou them is definitely a profitable one. A very simple 
cnlouliition will show you the fallacy underlying tho on-onoous belief he refers to. 
You will fijul that if a Imllock-cai-t carries a ono and lialf ton pay load and tho 
saving in freight duo to molulling an nnmotallcd road amounts to one pice per 
maund per mile : and ton hullock-carts use Hint road, the total saving in freight 
will not only pay for all tho maintenanee charges hut actually the interest on 
the capital involved in metalling tho road. 

Mr, K. G. Mitchell : — I would like, Mr. Chairman, as Mr, Basbiram has 
done, to congratulate Mr. Trevor Joiio.s ou raising a question which is going to 
hecoinc more and more iinpurtant as lime goes on. He is however somewhat 
pessimistic alimdi what can lie done. Ho comes, of course, from a province 
whore they liavo made a good deal of pi-ogress in adapting roads to modem con- 
ditions and i)orhii])s fiiul it inoi-o difficult to turn back and start on now lines than 
it would ho nlsowhoro. Tliero are ono or two points on which I should like 
to join issue with iMr. Trevor Jones. Eor instance, he refers on page 10 to tho 
road system of India as “a child begotten in haste and reared in poverty”. He 
then, if I may say so, contradicts himself at page 13 by saying, “There would 
thus seem to be a presumption of tnith that in the early days segregation of 
traffic was a normal condition”. Tliey are rather contradictory statements. I 
think that as a matter of fact tho fault i-eally lies with the iii-esent generation, 
that is to say, with ourselves. The Grand Trunk Eoad in many places, he sa^^s, 
is 150 feet aiul more wide. 1 think that in many places it was laid out original- 
ly oven wider, and undoubtedly it provided room for segregation of traffic with- 
out liurling an^'body. But that heritage of the past which was provided by 
our foremnners witli consiclerahlo foioUiought has been, to my mind, destroyed 
by apathy on our part in not pre.sorving tho original lay-out and by even greater 
apathy in allowing haphazard borrow pits to lie dug all over the jilace, so that 
all that space is rendered useless at present. 

I personally entirely agree unth Mr. Basbiram that edging with bricks is 
of very little use. You want edging on any material which is liable to push 
under triiflie; hut I cannot see that it is necessary to edge painted water-bound 
macadam or that it is much use edging a hard surface with brick which is 
softer. Brick is no good for anytliing which requires real lateral supi)ort. It 
has, moreover, the disadvantage, that, roughly speaking, you cannot roll it with- 
out destroying it. Tho proof of the pudding is in tho eating. I think that 
between Delhi and Lahore the places where there is tho most pronounoed drop 
between tho edge of tho metalling and the berms is in the province where there 
brick edging is used. It is to my ;mind dangerous and serves no useful puijjose. 



As rognvtls envfch sfcabilisatiion, I should say that generally the improro- 
ment of berms oll’evs n move liojiehil field for slalalizalion of soil Miim mere 
earth roads wliicli are subjeoted to heavy bullock-cart trafiic eoid.iiuiously. I 
quite agree with ]\Ir. Ihishirani that the tjqiesof sljihiliscntioii referi-etl to in llie 
paper wliich have no recuperative value are of very little use ; tliat is to say, 
if you stiabilir.o with some bituminous emulsion, you would ho si.al)iliy,ing the 
soil only for a lime. Onoe it is cut up it has no rccniiorative value. You will 
liavo noticed, particularly in the Punjab, Sind, and 1 tliink in the Ujiited 
Provinces, certain conditions of soil where the herms are very mnch hel.lor 
than cl sewl lore, and I believe that it is dne to alkalinity in the .soil. 1 think 
Iluvt by studying the eshemistry of these soils and enrleavouring to reproduce it 
elsewhere artificially you may gel. some improvement of herms — an improvemout 
which gives them rectipointivc value ; that is to say, with that composition of 
soil you can at any time when it is moist reform it, roll it or do whatever you 
like with it, and it will set up again. 

At page 14 ‘^^r. Trevor Jones says, “ It would seem wise to maintain side 
tracks for the nso of pedestrians, mules, horsemen and nnlnden hnllock-oaiis, 
etc., on either side of the main formation ". I entirely ngmo. Put unfortu- 
nately the land has been so cut up with boiTow pits etc,, that it is now a 
jnatter of considci-ablo expenditure to restore it. 

In the Punjab where you are planting triple avenues without first 
levelling the land you are making it more diflicult in future to restore that 
land to some use. Evoryljody Imows that nobody travels on the caningoway, 
on the road wliieli carries fast traffic — I mean, no pedo.stnan, no pcs’son liding 
a horse, will voluntarily travel on tlie enn-iageway if lie can got away fi-oin it 
and motor tvafllc. Whore you have got this extra width T think a great deal 
of improvement co\ild be effected by levelling it and bringing it into use. Of 
course, you will have difficulty at bridges and culverts wliero sometimes the 
traffic will have to come back to the caiviageway ; Imt there are ways of maldng 
cheap culverts for very light traffic of the sort. 

Thei'e is one other point. Mr. Trevor Joiies said that a good deal of 
ohstiaiction is caused by the fencing for afforestation pinijoses. I would say 
that this is only a temporary effect wliich wall last for two or three years, and 
that the.permanent value of afforestation by that method is great. But in the 
plains where there is plenty of room you should not, in my opinion, in any 
new planting plant your trees nearer than G5 feet across the road. !NIr. Trevor 
Jones says that 50 feet is enough. But if yon worii it out with rensonnblc 
slopes for beims you will find that 65 feet in a few years time will not leave 
too much room. That is my opinion. I asked an ai-tist fi-iond of mine to 
draw a coloured poster of my conceptions of tlie futum main roads in India 
showing what I have been trying to describe — a way for pedestrians, a caiTiage- 
way in the middle and so forth, but I I’cgi’ot that ho has not done it for mo 
yet, so I cannot show it to you. 

If I may take a little more of your time, there is one other thing to which 
I would like to refer, and on which I feel very strongly, and that is that tlie 
railway type of embankment still prevails unnecessarily in road constraction. 
Banks are often too high merely because someone in the drawing office thinks it 
looks pretty to use a long straight edge to mark the word foimation on the 
■ longitudinal section and to have many chains at a uniform gradient painfully 
worked out and written in as, say, 1 in 106.34. The result is that at iuter- 
mediate points you have a wholly unnecessarily high bank wliicli is a waste 
ot money in conter work and a nuisance in perpetuity. Having reduced formatioi]; 
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level to the miDimum necesnaiy there is no earthly reason why yon should 
economise a few cubic feet of earth by giving tlio little bank steep 1 to 1 side 
slopes which are expensive to maintain. If you run your berms into your side 
drains at a reasonable slope ymi can often increase the capaeitj' of the imd by 
60 per cent and reduce tlie cost of maintenance of hank edges for an increase in 
the cost of earthwork of say 2 per cent. 

And lastly, Mr. Trevor .Tones alludes to the possibility of a dual carriage* 
way. This does not perhaps appeal so much in the Punjab where all the main 
roads have been tarred. If you have got a 12 feet metalled road which is un- 
able to cany the present day mixed traffic, the present idea is gradually to widen 
it and to give it some superior surface which will cany both classes of traffic, 
and with tlie exception of cement conei'ete we do not know of any surface in- 
trinsically suited to both types. We Icnow that many surfaces suitable for motor 
traffic are liable to bo damaged by bulloek-carts. It is a matter for investigation 
and experiment whether it is not possible, for the same cost of maintenance, to 
leaA’e our metalled roads for bullock-earts as before and to provide a separate 
comparatively elieap road for tlie fast motor traflic. Then you will have roads 
adapted to the traffic which may use tliem. It is a matter for investigation and 
experiment ; hut it seems to me arguable that riltimately yonr maintenance cost, 
which is what matters, will not he very much gi’eater, and possibly will be less, 
if you have two road ways aggregating 20 to 24 feet than it would be 
for a 20 feet I'oad used by both classes of traffic. This is a suitable subject for 
experiment. 

Mr. R. I. Sondhi (Punjab); — Most of the suggestions in Mr. Trevor , Tones's 
paper will, I am certain, in due course be adopted on the arterial roads all over 
the country'. Some of these may have to ha deferred on aocount of ftnancial 
difficulties. Those of you who are present here will agree that this paper is a 
vwy useful contribution and will help in can-ying out road improvements in 
different localities. Some of the improvements suggested may be difficult to 
cany out due to financial difficulties, but there is one which Mr. Trevor Tones 
has I’ecommended — the need for improved berms — on page 11 to which I should 
like to refer. 

Mr. Bashiram has already suggested that the way of doing this by 
stabilizing with some sorb of material of tlie nature of oils or other things 
which have been recommended for stabilizing earth roads may not be suitable. 
And I also think that the cost involved will be high. I believe that in the case 
of the experiment tried at Giu-gaon the cost worked out to moi-e than that of 
laying brick ballast. 

Mr. S. Bashiram ; — That is why I did not recommend it. ' 

Mr. R. L. Sondhi:— -I am soiiy. Mr. Mitchell has suggested that we may 
have some sort of road on the berm which may be more suitable for motor 
traffic and leave the existing water- bound metalled surface for carts That 
again will involve so much expenditure that due to financial consideration it 
will take a long time before we can adopt it. Probably the best way is to 
improve our berms which generally are in bad condition and cause a lot of 
accidents. I do not think in India we have statistics regularly tabulated as ip 
foreign countries, but most of the accidents are due to the level of the berms 
which are generally in deteriorated condition. I have personal experience of 
having worked out this scheme of Mr. Trevor Tones, as a Sub-Divisional Officer 
at Thelum, where we have lot of stone lying idle and I think I was able to 
improve quite a long stretch of rpgd leading fiopi Tbelupo to -Rawalpindi. That 



scheme, I can assure you, was a very successful scheme. I- do not knov; 
whether it has been followed since I left. Similar materials, I me.an to say, 
even broken pots from iiio villages or anything which tJie ingenuity of tlie man 
in charge can think of can be used. 

I have only a few words to say about roundabouts. At page 16 Mr. 
Trevor Jones says, “The actual form and shape has been the subject of a good 
deal of discussion between the Police and the Public Works Depai-tment”. But 
I am afraid an important party to tlie compromise was left out of consultation : 
I mean tlie tongawaIa.s, and when J make tliis complaint here, I do so on the 
testimony of one of them who lias complained tliat his horse had slipped as a 
result of the elliptical design. 1 was told that the curve at the General Post 
Office is too shaiii for liorse traffic to negotiate and I hojje an effort will 
l}e made to get this point investigated, as, taking into consideration tlie number 
and actual tonnage, the tongas contribute the largest number of vehicles using 
this particular crossing. 

Mr. P. L. Bowers (Jaipur) : — I should like to endorse one i-emark made by 
Mr. Mitchell and that is regarding the treatment of side berms wdiero the 
roads are in low bank. In Jaipur, most of o\u‘ road formation is very little 
above the natural ground level, but w'hovo banks are neoessaiY the sides 
are not dressed to any given sloije hut rim thorn off into the drains. 
Another point which I should like to emphasise is that more attention 
should be paid to the benns. In Jaipur, except where these are sandy it, is 
safe to run off tlie metalled surfaces of our i-oads on to the berms at speeds 
of from 40 to 50 miles an hour and ibis is duo to tbe fact that wo keep 
permanent gangs at work continually dressing the berms. 

I ciuite agree with what Mr. IMitoheil has said about road, side trees. I 
think that generally speaking trees arc planted far too close to the centre of 
the road, especially where road surfaces are of water bound macadam. The 
presence of the trees close to the roads prevents dust raised by motor traffic 
being dispersed by the wind and on still evenings, when the light is falling — 
which is the most dangerous time for motor driving — it is frequently impossible 
to follow another car at an interval of less than a mile without taking consider- 
able risk. I am also of the opinion that greater space between ti’ees along the 
line of the road than is at present allowed is necessary and to facilitate the 
disposal of the dust they should be at least from 80 to 100 feet apart and 
65 feet across the centre of the road. 

As regards earth roads, I understand that in America experiments have 
been made ^Yith certain salts which retain moisture in the soil and have the 
effect of making the soil similar to Kalar earth. I do not kno'w whether the 
Boad Congress has any information on this point, but I believe that experi- 
ments with salts have been made hotli in Sind and in parts of the Punjab and 
I would enquire whether any information on this point could he obtained, . 

Mr. N. Bass Gupta; — Chairman and Gentlemen ; I welcome the sugges- 
tion of Mr. Trevor Jones of improving the berms and agree with him that 
clay berms are definitely dangerous especially dining the monsoon. This is due 
to the . fact .that when two cars pass, one wheel of each car travel on 
the clay berm and the clay is thus carried on the smooth and wet asphalt 
dr tarred road makii^ it unusually slippery. In aU places cheap, materials 
such as broken bricks, kankar or nibhish from demolished buildings 
may be obtained which may he spread along the road for a width of 
2^ leet op either side and consolidated by a hand roller. Subsequently' the 



boi*m may bo given a light surface troatmenfc with a outbaolr asphalt and sand 
or cindors. The cost of widening at the rato of Rs. 2/- per hundred square feet 
as given by Mr. Trevor Jones comes to about Rs. <150 per mile. The cost of 
giving a light surface troatmunt will bo about Es. 350/- ijor mile. Thus at a 
total cost of about Es. 800^- only, wo can got a 16 feet wide road out ol a 
12 feet wide road. So there is no reason why such methods should not be 
adopted. 

Mi'. E. A. Nadirshah (Bombay) I agree with Author when lie says that 
little attention is paid to road design in India in so fai' as it affects the con- 
venience, safety and comfort of the road-user, f go a stop further and say that 
road design must be such as to reduce maintenance costs, which object could 
bo achieved if 

(1) sliort radius horizontal curve*, are avoided : 

(9) adequate super-elevation is provided ; 

(3) at corners grade and vcilical euiaes iirc made easy for traction 
particularly in regions of higli altitude vcmeinboving that an average 
combustion engine loses about 3 jier cent ullicienoy for each 1000 foot 
of altitude. If it is too cxix;nsivo to cut down the grade, the 
question of widening tlie road may l)c considered i.n., addition of a 
traffic lane for slow traffic ; 

(4) that short siglit-distanccs arc eliminated and ample visibility is 
provided : 

(5) projier right of way is provided ; 

(6) adequate inlcvcopting and surface drainage are provided ; and 

(7) nonskid surfaces arc constructed by luoiding excess of cementing 

material on top. 

It wo do not look into those jjoints at the time nf building a roiwl a lime 
will soon come when duo to iucroaso in number and speed of vehicles, we will 
have to stop building new milage to improve the existing milage. 

Widaninfi of mcialled icxUhs. — Sixteen feet carriageway for two lane 
traffic may bo considered on the naiTow side us when vehicles pass caoli oth®r 
in this narrow strip the outer tyres got oft' liio pavement particularly whore bus 
traffic is heavy or veliiclos are titled with dual tyj'c.s. This narrow width is not 
only dangerous to passing vehicles but it emails much additional cost in main- 
taining the Katcha berms. Su it is a question lor consideration whether 
it would not bo worth our while to increase I lie paved width say to 22 toot or 
at least 20 feet as the extra cost in paving tliis additional width may to a 
certain eslcnt be compcnssiLcfl liy lower maintenanco cost of bonus. It 
would also be advi.sabIo to lix a standard width for dillcrcut lanes of traffic for 
the whole of India to preserve uniforuiil y. 

If river shingle is spread loose in the form of a gravelled path as suggested 
by tho Author, I am afraid it would increase the risk of skidding of cars as 
there is bound to be some turning movement when cars go oil and oibme bach 
to pavement in a short distance while overtaking a car on the paved carriageway. 

Tho Author suggests that whore Bullock-cavts can be excluded it is 
possible to tar <lirocMy on kunkur aurfacos. Our tour of inspection has how- 
ever demonstrated that tar or Bitumon on kunkur docs not stick well and tho 
surface' pools off soon. Will the Author please enlighten us whotHer his 
experience in Punjab is difforout to that in the Qnilod Provinces? 
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The idea ot sogi-ogation of BuUock-cavl traffic is au oxcollout one but 
looking to the funds available for road work it will be many years before we 
achiovo this object. 

■While driving for miles and miles along a road whicli has big lrcc.s on 
cither side, I have noticed that those trees cast shadows on the driving 
surface and tho alternate light and shady ])atchos make driving very tiring to 
the eye. So I may put it to tho Congress for consideration whether it will not 
bo more advisable to plant trees at such distance apart (across tho i*oad-way) 
that tho shadows do not reach tho diiring track. 

The author also infers to (he advantages of shade to tho life of tar or 
Bitumen. Bombay experience has ]irovcd otherwise. On account of rain drop- 
ping continuously at the same sjiot on tho surface from those trees, it wears out 
the surface much quicker. 

It may bo interesting to note that ^Ir. Connor of United States Bureau of 
Public Beads recommends tlio following formula for road widening on curves : — 

W = N 


W = Total widening in toot. 

N=No. of traffic Lancs. 

R= Radius in foot. 

L=Whool-hnso in feet. (20 feet recommended). 

'V= Speed in miles, per hour. 

Tho lir.st pai-t of tho formula represonls the extra width occupied by a 
vehicle on a curve and tlio second part nllowj? for tho difficulty of keeping a 
vehicle in the centre of tho Lane. Widening is added in tho inside of a curve. 

It is stated in the paper that a tniffic island is usually circular and with 
a radius of at least 80 feet. 

My experience in Bombay in laying out traffic roundabouts is quite dif- 
ferent from Avhat is staled liore. The islands are more of some other form 
than a circle as the shape of an island entirely depends upon the junction and 
the angles at which different inads meet. Besides witli tlio majority of junctions 
in a city there is not enough room for a roundabout of 80 feet radius. 

Mr. Trevor Jones (Author): — I am very mucli gratified that my jiapor has 
caused so much interest and I will endeavour to answer some of the questions 
put forth. 

Mr. Bashiram has moiitioncd tho unsuitability of brick kerbs to tnx’red 
surfaces. One of the difiioultios of tarred surfaces, osiiccinlly in the north of 
the Punjab, is that the edges ai’o frequently broken away and may bo a cause 
of accident when a vehicle passes from tlio metalled road to tlic herra. To 
some extent I fool that a kerb does prevent this, especially if you can back it 
up by some form of puslita” of rough metalling. 

As regards the sfcabilissation of soil, it must be confessed tliat it Is voiY 
. much m its infancy. 

•. I think Mr. Bowoi-s suggested tho addition of salt. In tho Punjab wo 
" b^ve got Ur, McKenzie Taylor, who is Director of tho Irrigation Research and 
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{ii I'onownocl soil pli3^icisb. Ho is at prosent analj'^siag tjTjioal samples of soil 
from bho Punjab as a preliminary to practical experiments. Wo are looking 
into the use of sodium carbonate and silicate of soda and common salt as is done 
in America, as it is hoped that such practice may be adopted for the stabilization 
of berms and Katcha roads. 

Mr. Bashiram’s remarks about the success of tho provision of studs to 
segregate traffic on hill I’oads are of great interest. Nevertheless sucli studs 
have to bo very carefully maintained and it is interesting to note that we have 
had a certain amount of complaints from tlio Automobile Association of 
Northoim India as to their danger, possibly for tho reason that these studs 
were placed at very narrow corners and /lid not provide sufficient carriageway'. 

As regards tho romai'ks at tlio end of m3' paper that roads do not give 
an as.sessable return, what I meant to convoy was that we can keep no profit 
and loss accounts of their construction and upkeep. I think tliere is no doubt 
about their honofit to the community, but wo cannot express any benefit which 
may accrue to Government as in tho case of Irrigation works^ in so much 
hard cash. 

Mr. Mitchell has rather accused mo of inconsistency in tliat I stated 
that the Indian Boad was a liaslily bogotton child and that later on I referred 
to the old day's when there wore roads sullicicntly grandly planned to admit 
of at least tlireo tracks. Of course I had not in mind the early days of 
road planning before tho ora of Railwa3's when I made tlie first remark. There 
is no doubt that when tlio ro.V'I was tho only moans of communication in tho 
early days of Britisli rule, a groat deal of forethought for tho future was 
practised and in the Grand Trunk Road and otliers wo liave *a great and noble 
heritage. 

Mr. Mitchell was not impressed with my olijoctions to roadside fencing 
as ho said that tho land was excluded from the public for a very short time, 
only 2 or 3 3'oars. Tlio point that I would like to emphasise is tliat if 3'ou 
enclose tliose areas which arc frcriuontly in use by pedestrians, animals and 
bullock-carts off tho main formation, 3'ou destroy the liabit of their use and 
it takes a great deal of example or force to get tliom to use it again when the 
fence is removed. 

I agree that tlio jilanting of trees should bo 65 feet apart. It will bo 
an excellent idea from tho point of road safety. Tho 25 foot- from the centre 
line is a compromise mado to fit in with tlie existing sohome of things, tho 
road formation being 32 feet from 'tlie road contro. This arrangement at least 
ensures that the tree is well down beyond the toe of tho formation. 

I think wo are alive to Mr. klitchell’s criticisms about the road formation 
being banked like railway embankments. Most of our new road designs provide 
for slopes to bo carried down from the edge of metalling to the side drain. 

I was stivo Mr. Sondhi would appreciate my remarks about berms. Ho 
was a groat “scrounger” of spare meial lying alongside tho Grand Trunk Road 
in the Jholum District when ho was ray Sub-Divisional Officer some years ago 
and tho excollont state of tho berms today will testify to his activity. 

Tho roundabout near tlio General Post Offioo at Lahore was admittedly 
an experiment and it is a very difficult place , 011 which to site such a work. 

I am afraid however tlio tonga was not considored in designing tho cuvvos'biit 
tho tarroci road surface being slippery for horses it is just as well that tho 



tongawalas should exercise the care demanded of the motorist in nogotihiting 
the roundabout. 

Mr. Dass Gupta’s suggestions are undoubtedly very sound. The only 
really successful solution for berms is to abolish them by metalling but 
unfortunately that will cost money. ' You may improve berms but you must not 
spend money on them. 

I am in full agreement with Mr. Nadirshah about super-elevation, a 
matter which has been much neglected in the past. The questions of curves, 
super-elevation, gradients, etc., are of the utmost importance in road projects, 
especially in the hill country and this has undoubtedly been neglected by us in 
recent years. What this shows is that for all road projects we must have 
proper survej’^s. In the past surveys for road projects have been done by the 
existing staff when they have sufficient time available. Consequently this 
aspect of the road project has not received the consideration it deserves and 
the best alignments, curves, etc., have not always been achieved. 

I agree that 16 feet is not ideal but it is given in my paper as mofet of the 
roads in the N. W. F. P. are 16 feet and it is possible for two cars to pass each 
other slowly Avithout using the berms 

As regards tarring on kanltar, I must admit I have had no great experience 
of it, but I have been told on good authority that the failures which occur are 
not through Avant of cohesion of the t\A'o materials but from tho devastating 
action of tho bullock-cart. 

Chairman J join several others in congratulating Mr. Trovor Jones on 
his most A'aluablo paper and the discussion which it has stimulated. Howoa’oi', 
as Ave have got only one hour left for tho next paper Avhich is a controversial 
one, I think aa*6 had better leave it at that. 
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^IIAIRMAN .* — ^Eni Biiliafliu* Clihuttan Lai, {Kefcived Chief Engineer, 
United Provinces). 

Chairman: — I call upon Mr. Lean to introduce liis paper, 

The following Paper was then taken ns road, 


Paper No. 34. 


PUETHEll NOTES ON TREATMENT OP HOADS WITH BITUMEN 
AND TAR IN DELHI PROVINCE. 

[yida Proceedings of the Indian Roads Congress of December 1934, 

jmges 21-Sl]. 

By 

A. TF. if. Dean, ilf.O., I.S.E., Superintending Engineer, Central Public Works 

Department, Rciv Delhi, 


I append a tabular statement giving details of all the road surface treat- 
ments mentioned in the original paper and have also included a few others. 

The general experience of Delhi Piwnnco may he summarised ns follows : — 

1. Tar — Tar has definitely proved unsatisfactory, except tlio use of a high 
penetration tar ns a first coat on water-hound macadam. The ))est use for 
this has been found to be painting it at the rate of 44 pounds per hundred square 
feet using 4 cubic feet of 3/8" Delhi Quartzite grit per lumdred square feet. 
This has to be applied about tlu’ce montlis after the surface of the Avnter-bound 
road has been renewed, tliat is to say, when all the blinding has been worn ofl' 
by traflic. Six montlis or more after the application of the tar, an application of a 
hot bitumen, e,g., Spramox, or Socony, at the rate of about 25 pounds per 
hundred square feet with 4 cubic feet of 3/8" grit, has been found to give a very 
satisfactory surface for roads canning mixed traflic up to 150 tons per yard 
width per day. 1" tar carpet, and 2i" tar carpet, water-bound tar Preraix and 
mixtures of tar and bitumen, have all ju'oved more or less unsatisfactory and are 
not recommended for further use. 

2. Eniulsions . — On the whole emulsions have not been found particularly 
successful either for painting, or for built-up carpets, e.g., Ij" Armour coats, 
or for Promix 1" carpets. The most successful use of an emulsion for the 
initial treatment of a road has been Bitumuls Armour coat li". Eor use on a 
road w'hich has some pot holes and wlierc it is desired, to avoid the expense of 
I'onowiug the %\’hol6 surface by Avatoi'-bound macadam before giving a bitumen 
treatment this is quite satisfactory. Another use for emulsions, and this in my 
opinion is the most useful field for their uso, is for patch repairs. The facility 
with 'which emulsions can bo carted about and used in small quantities with- 
out elaborate aiiparatus makes thorn particularly suitable for this 'vs’orlr. Of tho 
various types used Bitumuls and Colade have given the best results. This 
facility in uso is also present in tho case of certain cut-back bitumens c.g,, 
Socofix and Socofalt hut our experience with these up-to-date is insufiicient for 
a reijoi't. They have a higher bitumen content than emulsions and would 
appear to present several useful features. 
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3. 0«?7>e/s.— PeemiX Caepkts. Those have been laid 1", 3 y' and 2?.-'' 
thiolv. The only I'cal success is \Yitli iho 21". It is in my opinion definite 
that laying a carpet even of tlie niaxiininn tliickneas is no cure ■n imlovcv for a 
road with pot holes anti otlier irregularities on tlie surface. Under traflic tlio 
carpet tends to reproduce in its surface all tlie depressions wliich wore in tlio 
original surface. It is thcrcfoi'o, essential to lay sucli carpets on a road which 
is already, or is brought to, a smooth surface. I think that the l'* cai'pot with 
bitumen laid hot w’ould ho quite satisfactory it traflic could he confined to rubber 
tyred vehicles. Tfiis is not, however, possible, and the result of iron tyred 
traffic is cutting of the surface and deformation. 

A 2V’Shelcreto carpet was laid just over .3 years ago on the Hamilton 
Hoad. This carries particularly heavy traflic of all kinds and 1ms stood up 
remarkably well. Another iinpoi-tant point with regard to carpets is that these 
are essentially self-scaling under traflic and require' a definite minimum intensity 
of traflic to give their best service. A carpet laid specially with a low penetra- 
tion bitumen where traflic is not sufficiently heavy will show signs of oi’acking — 
indiscriminate use of such carpets is undoubtedly wasteful. 

4. Concrete Hoads . — These have been laid for such a short period that 
no indication of their life is possible. The surface is veiy satisfactory for 
mixed traffic, and particuhu'l>' for heavily laden bullook carts. Tlie bullocks 
appear to get a better grip than they do on a bitumen surface, and hence 
their tractive clTort for a given load is less. The eonslruction of a road to 
carrj' heavy mixed traflic with 8' wide cement concrete strips on either side 
of a IG' width surfaced with 2^" of Sholcroto or similar carpet would appear 
to bo the best wo have struck. If loaded cart traffic is almost all in one 
direction, one conci'eto strip would bo snfficicjit. 

Track IFnj/s. — In concrete these proved entirely successful. Serious 
deformation has occurred in the bitumen carpet insets and thi'S’ form of 
construction is not recommended. In the tar carpet insets this has been even 
wm-se. Some slight difficulty has been found with expansion joints. It is 
essential that these should bo kept clear of all hard material. 

It is very desirable to maintain the earth road between and ou either side 
of the ti'Aok ways specially in the hot weather; a small gang is necssary 
for this. 
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DISCUSSIONS ON PAPER No. 34. 

Mr. A. W. H. Dean (Author) : — I have no introductory ronuirks to inulco, 
but I want to say that this paper was written at the inslnnco of hlr. hritchcll 
who said that having written the earlier paper in 1934 I ought to give some 
notes as to how tlio various surfaces which were then described and shown to 
you w'ho were at the first Bonds Congress at Delhi iind stood up in the interven- 
ing two years and three months, 1 have merely tried to tabulate my own 
impi’ession of how these roads now are. 1 am unfortunately not in charge of 
roads at the moment, so I have not boon able, in consetjuenco. to got quite so 
much information about them and refer to details in (piito the way 1 would 
otherwise have been able to. I am afraid there may ho some mistakes in 
correlating the figures I gave last time and the figures I have given this time 
on that account. I may also say tliat I have perhaps hoon a little sweeping in 
some of the. things I have said. I did not appreciate that, hut I thought it was 
quite undei’sfcood that my i-e/narks ivforred to the actual roticls in Dollii under 
Delhi conditions. 

Mr. S. Bashiram (Punjab): — Hr. Chairman and gentlemen, I lalco it Unit 
what Mr. Dean means by “high penetration tar” in para 1 of his paper is tar 
No. 1. I have not seen mentioned anywhere in this paper or in the previous 
paper referred to wholhor tnr No. 2 was actually used in Delhi or not. In Dcllii 
the first coat of tar is given, so Mr. Dean says, three months after the surface 
has been renewed. In the Punjab it is our prnclicc to ])ut on tar as soon as the 
consolidation has di'icd ; this takes about 15 days to n month. Wo also find 
that it is extremely easy to brush oiT tho hlinding. Our hlinding consists 
generally of earth and not of moorum and wo find that to make tar iiainting a 
success, it is absolutely essential that the surface below, viz., the water-hound 
macadam, must be well consolidated and the top sunioiontly clc.'incd to allow of 
penetration. ^ly heat in my own area takes me sometimes across tho Ijordor 
into Delhi Province and certainly our ideas in tho Punjab about consolidation 
are somewhat different, if I may respectfully say so, from those that seem to 
prevail there. From tho Punjab point of view the consolidation there is not 
quite so good as it can ho or should be. There is too much mud or moorum 
used and you really got a sort of plum pudding. Jlny I suggest that this failuro 
of tar ill Delhi is possibly duo to unsatisfactory consolidation and insuilicient 
penetration ? 

At no place in this paper has mention been made of tho temperature to 
which the tar vras heated, and that is a very vital point indeed, as overheated 
tar fails quickly and I suggest that you cannot bo too careful about tliis over- 
heating. In my own circle there are instructions that tho temperature should 
not exceed (on paper only) 200° F. During' ono of my tours, although tho 
Hoad Inspector said he know of this ordor, when I took the temperaturo 
myself I found that it was actually 245°. Now there are various difliculties in 
taking this temperature. One of them, ns you know, is tho fumes that come 
up and pi-event you from taking your ej-es very closo to tho utensil in which tar 
is lioated. Also there are not, at least I hai'o not come across them, nnv 
satisfactoiy thermometers. I was suggesting this morning to my fiiend, Colonel 
Sopw'ith, that in tho interests of his material ho should try to get out a ther- 
mometer with a broad inercuiT thread such ns wo see in tho small clinical 
thermometer which starts at 95°. 1 suggest that our thorniomoler should start 
at 160° and go up to 300 degrees or so. There should also be on it a suitably 
coloured line, say, at 200° so that the coolie or the mate in charge would know 
at once when the danger point is reached and lower the fire immediately. 



1 may mention that the quantities mentioned in Mi-. Dean’s paoer varv 
very much from our noimal practice in the Punjab, and it mai not be oS 
place to mention what our standard practice is. Most likely most of the 
members already know what it is. Our standards are based on a 12 feet wide 
mile and we use for the first coat 8 tons of lav per mile and bajri at 250 cubic feet 
per ton. ior our second and snhaequont coats wo use only 4 tons of tar and 
the quantity of hajri is 300 cubic feet per ton. Mr. Doan has used Idh tons 
of tar per 12 foot wide mile and the quantity of bajri is 190 cubic feet per ton. 

Heading thioii^b tlio jiaper it. appeared to me — and I am subject to coiTection** 

that in Dellii they have not done any two coat work ivith tar. 


To make tar painting a success your liajri must be really good. The 
bajri that tiioy use in Delhi is exactly the same as we get round about Gurgaon 
and \vc have therefore experience of it. While that liajri is sufficiently good foi- 
tho first coat, it certainly is not so good for the second or subsequent coats. It 
is angular and that of course is a good thing to Jiave, but unfortunately it is 
brittle ns well and tlici-o of coiir.se. the mischief comes in. It powders into dust 
very quickly. The reason why it is good for the lii-st coat is that it affords a 
very good grip for the top bajri. Provided I lie top bajri used is satisfactory, 
suoli as Chandigarh, tarring is successful. This possibly is another reason of 
failnro of tar in Delhi. 


On iiage 29 of this paper Mr. Dean has mentioned a rate of Rs. 6/- per cent 
square feet of the surface treated and the entire traffic as 341 tons. Actually on 
the quantities that I have given, our rates in the Punjab arc Es. 2/8 per cent 
square feet for the first coat and Es. 1 /8 for the second and subsequent coats 
and you will bo surprised wliat traffic our roads arc able to take. In my o^Yn 
circle there are at least 200 miles where the traffic is much greater than the 150 
tons per yard width mentioned by Mr. Dean. As a matter of fact there are 
places in the Punjab whore our nonnal specifications are standing up quite 
well against 350 tons per yard width of road. In the Punjab wo have very 
little ex}iorioiico with tar carpets, and some o.Kporiinents are being made now, 
but I can .say that surface painting with tar has done us remarkably w’ell. 
Bitumen is an excellent material but it will not do to condemn tar wdiich is a 
cheaper niaiorial, more fool-jiroof and very imicli less seasonal in its applicability.\ 


Mr. E. L. Sondlii (Punjab); — Cliainnaii and Gentlemen. Most of wdiat I 
iiad to say, my Superintending liJngincer has already said, but still I must make 
an attcmjit. Hoad experiments under actual trallic conditions and kept under 
obscnuition for a number of years are sure to give very useful and valuable 
information as regards comparative utility of difVorcnt specifications and Mr. 
Dean’s pajier is a very valuable eontrilnilion and I congratulale him for the 
excellent w'ay in wliich be lias iiresonted the information. 


There are. liowover, a few points on which I would like liint to throw 
fin-tber light. Eoalising tlio diificulty in comparing specifications and carts 
ihis Gdiigross at its last session at JBangnloro had recommended tlie adoption of 
certain standard units of weight, measure and cost (vide page 176 of tlie Pra- 
ceodings of the Second Indian Roads Congress). It is, however, noticed that 
the author has not followed liho rccommendatioTis. The reasons put forward 
by the Congress in making those rocommondatioiis, will Ijo generally accepted 
and it will ho interesting to know as to why the author has not adopted this 
suggestion in describing the experiments and their resuHs in the present jiaper. 

I am afraid the remark that tar has dofiniloly proved unsatisfactory is 
too sweeping, and before condemning this material which has ])reved useful on 



roads radiating oul of tiho Bolhi Province and jxisl lioyond its limits, T think 
a further trial is needed under careful supervision and examination of constituent 
materials, particularly aggregate and grit is required. Tlio traflic conditions on 
the trunk roads, radiating out of Delhi cannot bo exj)cctcd to vary mucli on 
the portions in the Punjab hordcring on Delhi and it is there that the lor 
painting done by the Punjab engineers has dctinitcly stood up to the traflic. 

In view of the fear raised in the ' Paper of Mes.sr.s. Siulia and Alihasi last 
year about the wear of this class of surface as a result of the grajihs prciiared 
i)y' prolileograph, it is gratifying to learn from Mr. Dean’s remarks on concrete 
roads that this surface is very satisfactoi-y for mixed traflic and jiarticulurly for 
heavily' laden bullock-carts. I think the ilolegales will romemhor that it was 
shown in that Paper that 1 1 inch of crust had got worn in tho course of a year 
or so, but it is pleasing to know from tlie yiipcrintoiiding Engineer of tliiit 
road that these concrete roads are st.inding the mixed traflic very well. There- 
fore, there must have been some niistako in iircparing those gnqihs. 

Tho author has used the term “light traflic’’ in the tahular stalomciits 
appended to tho paper hut has not dotined its extent. It will jiorliaps ho 
instructive if ho will kindly deiine what intensity of traflic he considers light. 
It is not clear from what is stated at page '20 of tlie Paper as t o wliol her tho cost 
of Ps. 6/- per 100 square feet is for one or more tar jiaintings, as Ulr. Basliinim 
has pointed out that our tar iiamting <litl not even cost Jls. per hundred 
square feet. If a single coat was applied it is no wonder that it failed under 
the specified traflic, as a second and suhseijnenl coals should have heen upjilied 
in due time. The second eo.it should, if pussiiilo, lie applied imiiiodiately after 
tho first. That is oiu' practice in the Puniah. Wo do not allow our first coat 
to stand for a long time and if wo apply the second coat soon after, it .staml.s 
much better. The interval of three months reconnnendod by the author to ho 
allowed to lapse before painting the water hound surface with tar is, in my 
opinion, too long and possibly was one of tho caiiscs of fnilnro of the .surface. 
As stated by Mr. Basliiram, only 15 days to a month should be amiile. 

Tho total traflic given by tho author in mile 3 furlong *1 of Delhi Rohtak 
Hoad is 341 tons. This figure appears in all tho experiments relating to this 
mile ; whether tlioy are concrete or tarred surfaces. This figure ''differs a 
great deal from tlic figure of 77'2.9 tons which rcpro.sents tho total traflic at that 
place according to the staloinent at page It) of the proceedings of the Second 
Indian Roads Congress. Similarly, thei'c is a great variation in tho traflic 
figures as given m the author’s Paper amt my Paperl about Delhi Traflic Census. 
On Grand Trunk Karnal road tho author’s figure is 823 tons whereas according 
to Delhi Traflic Census it is 567 tons; on Grand Trunk Meerut road tho li"ure 
given by the author is 571 tons agnin-t 1282 tons determined by me and on tho 
Delhi Muttra road the figures are 1674 ions and 1295 tons rospoclivoly. I hope 
the author will kindly' explain these vaiiations. 

Colonel G. E. Sopwith : — Jlr Chairinan, T wrote this before tho Oongro.ss 
meeting and one or two points mentioned by me have alre.idy been dealt with 
in other speeches. Mr. Dean states that in Dolhi])aintingafir,sLcoiitoftar 
at 0.36 gallon per square yard (44 pounds ])er 100 >jquaie feet) followed by a 
second coat of Bitumen at 0.23 gallon per square yard (25 pounds per 100 square 
feet) has given siitisfuctory results up to 150 tons per vard width imr diiy 
This apparently means only 50 tons of bullock cart traflic judging from the author's 

^Proceedings of the Second Indian Ponds Congress, Paper No. 15 

^Proceedings of the Second Indian Poads Congress, P.aper No. 14. 


reply m bho discussion on his Paper No. 1-A read in 1934 (Proceedings of the 
Inaugural Indian Baods Congress, 1934). As tar painted roads elsewhere are 
suooessfully 'standing up to traffic of much greater intensity than this (for 
instance the traffic- on the Lahore Lyallpur road varies from 278 to 352 tons) 
the cause of the less fortunate experience in Delhi is worth careful investigation 
and analysis. I do not doubt that investigation has been made but I suggest 
that the pa])or, which tends to lay the blame for partially unsatisfactory results 
on the various binders, would have had it’s value enhanced by embodying in it 
the results. Similarly thin and thick carpets are noted as more or less 
unsatisfactory and the author makes a recommendation against their further 
use. I presume that this recommendation is only intended to apply to the 
restricted locality of Delhi since experience with these methods of treatment has 
been more fortunate elsewhere. 

To quote Mr. Brown’s remarks during the discussion on Papers 2, 5(a), 
o.(b) and 6 road at the Inaugural Jndian Boads Congress in 1934. 

' “We are perhaps inclined to forget that it is the stone which carries the 
traffic and that when we discuss the failure of surface dressings, we are apt to 
blame the dressing when very often wo should blame the stone base.” 

Most of us 1 think are aware that some at least of the Delhi stones though 
hard are brittle and have a deflnite tendency to crush under roller or traffic, al- 
though in some parts of the Punjab, Delhi stone painted with tar is used with 
better results than apparently Delhi has experienced. It does, however, lead to 
a considerable quantity of mqorum or earth binder being used during consolida- 
tion and we would welcome a statement from the author giving the quantity of 
earth -binder and also the rate of consolidation per day laid down in the Delhi 
specthoaiions, since thorough consolidation and interloolcing of metal are of much 
importance in obtaining the best results. 

I have personally investigated portions of thick lar carpets that have formed 
into potholes and found that in some instances the stone underneath bad crushed 
into powder and in others that the ground was waterlogged and sinking had occur- 
red. As soon as a crack over appears dust enters, the tar absorbs it and break-up 
starts. Faced as wo arc by imperfeot grading siuoo only hand broken metal is 
available, the machinery for breaking to oxact grading being usually too expensive 
except for very extensive work, tliere is no question that the voids between pie- 
ces of stone metal are not always completely filled and full lateral and vertical 
support is consequently absent. I dealt with this point in Pai)Br No. 20 read 
at the Second Indian Boads Congress, Bangalore, 1936.^ It seems, therefore, 
tbiit for Delhi conditions some other form of construction is desirable, when 
making Premix carpets and extensive experiment and research into using sand 
with the metal to overcome this difficulty has resulted in the production of 
greatly improved carpets. But perhaps the best of all, where conditions of traffic 
necessitate something more elaborate than tar painting, is Tar Pitch Grout Whieh 
will carry, extremely heavy traffic and shows no tendency to wave. 

, I have dealt above with the difficulty that brittle stone produces but where 
ha^ tough stone Is found and crushing does not take place Promix carpets show 
none of the defects which have bean found in Delhi and carpets made of tough 
stone have been completely sudcessful in many other parts of India. 

■For economic reasons 1 personally am an advocate of tar painting and if 
Delhi stone by reason of its brittleness does not lend itself to bho formation of a 
road really suited to painting, I suggest consideration of substituting broken well 
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burnt brick for the stone. This can be economically burnt specially in damp 
kilns and would do away as experience has shown with the diflSculty no>V expe- 
rienced of having to use an excessive quantity of earth binder which lessens the 
penetration of the fii’st coat of tar and I cannot too strongly emphasize the im-- 
portance of penetration in creating a fully stabilised road. In passing I should 
like once more to say that the sooner tar is applied attar consolidation the better 
the result. It should be applied as soon as the road has dried out \vhioh may be 
from 4 to 21 days and only in exceptional circumstances should it bo more than 
one month. The author writes of three months as the period between’ consoli- 
dation and tarring by which time the blinding has been worn off by traffic, but 
I respectfully beg to differ from this dictum and to say that if possible no blind- 
ing should bo used or, if it is essential by reason of the quality of the stone, the 
minimum amount and that only of loam should bo utilised. The quicker the' 
tar is applied tho less time is there for deterioration of the metal, which trafffo 
sets in motion, to xn'oceed. 

For Premix carpets too, broken brick is eminently suitable but naturally 
the greatest care must he taken that no under-burnt material is incorporated. 

The author has kindly informed me that the only two roads on which tar 
has been applied as a second coat instead of bitumen aro Albuquerque Hoad 
and the Eidge Road. The former is not an important road and when painted 
had a gravel surface of some ago. It was not really suitable for painting but 
since the traffic was small and mostly motor it seemed worth risking it, Tho 
Ridge road's second coat I inspected a few days ago. I cannot claim it ns an 
advertisement. In many places it shows a bad appearance and undoubtedly 
tar has been burnt by the contractor while there are doflnito indications that 
internal movement of the stone has taken place duo to insuffioiout penetration 
by the first coat. Extensive expovneuee elsewhere has shown that tar painted 
roads, given good interlocking metal and correct application of binder give a 
very definite saving in maintenance cost whicli can be a])pliod towards the im- 
provement of further lengths of road and I submit that only by this application 
of savings to decreasing the length of untreated roads can largo scale rapid im- 
provement be attained. It is the untreated roads that eat up money if they are 
to be kept in good condition, and as sufficient money is not available a deplor- 
able condition arises which entails great loss to the road user. 

Mr. K. G. MitolieR (Government of India); — I would like to say on behalf 
of the Congress management that I am very much obliged to Mr. Dean for 
having taken the trouble to compile bis paper. I think it is imxiortant that 
there should be a continuity in the papers which aro presented to the Congress 
otherwise we are apt to forget and be unable to recall after two or three years 
the things we discussed before. I do not propose to enter into the somewhat 
controversial subject of why tar has not been so successful in Delhi as it has 
been elsewhere, under comparable traffic between the Delhi and neighbouring 
roads. But I think probably, as Col, Sopwith has said, it is due to something 
in the stone. It might be of interest to tho Congress to know that the Techni- 
cal Sub- Committee, which is considering the scheme of tests to be made on the 
Test Track at Calcutta has recommended that the first thing to do is to work out a 
correlation between the behaviour of aggregates and ohippings in surface painting 
work with the results obtained by tests in the Deval Machine, so as to 'sen 
whether the results in practice are the same as given by the machine. I cannot 
miss the opportunity of riding my particular hobby horse and 1 would like to 
draw attention to tlie last paragraph but one of the Paper in which the writer 
has referred to Track Ways. He says In concrete these proved entirely 
BUecessfal". - He reports serious defects in the bitumen and tar carpet insets? 
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;!rhO!Uoro I considot tho probloin of improving unmetalled roads to ctivi'y the 
over-moroasmg bullock-oart traffio the more certain I feel that little or nothing 
that can be done to the soil will enable it to bear the weight of heavy bnllook- 
oavts. -There is not enough money in the world to metal the roads which are 
at present unmotalled and which are cut into deep ruts by these carts. I have 
recently had a look at tlio track-ways in tho Punjab and also those which Mr. 
Dean has mentioned, I am certain that somelhiug on these lines is the only 
solution. Wo arc going to investigate and have made arrangement for rosoaroh 
into tho qualities of soil. But tiiis will only carry us to a certain distance. I 
do not think any financial arrangement you can conceive of is going to enable 
you to maintain double the existing milage of metalled roads. If these track- 
ways are successful our unmotalled roads can for all ordinary intents and 
purposes, be kept up at a cost of Rs. 100 to 200 per mile a year and can be kept 
in fairly good condition, satisfactory for the purjjoso. That seems to be one 
possible, solution, and I would quite definitely recommend it to every body and 
every province to try and see how it works. 

Mr. Q. B. Vaswani (Sind) : — Mr. President and Gentlemen — I want to 
give you some more information about the use of emulsions. 

In Karachi, the streets in Old Town Quarter wore originally provided 
with stone pavement sot in lime mortar cement pointed on foundation of dry 
broken metal 6 inches in deptli. So long as the streets were narrow, there 
was only pedestrian traffic on them along with h'glit Iniffic of hand carts. As 
soon as the Municipality acquired laud and widened the streets, they have 
been subjected to heavy motor lony traffic loaded with stone, broken metal and 
gravel for the construction of buildings. This has resulted in breaking up the 
cement concrete at the joints, as a result of the moveinent produced in the 
stones due to unevenness of the bed. The stones were pointed once again with 
cement mortar but within a short time, the pointing gave way and therefore a 
substitute had to he found out to replace tho cement pointing. 

Tho mixture of Soeony Emulsion No. 3 with sand in the proportion of 
about 7 pounds of Emulsion per one cubic foot of sand was made and filled in 
the joints after raking and giving a coat of Emulsion, This method proved 
successful and gave satisfactory results and it is now being used wholesale for 
repairs of stone pavement. 

In cases of depression and unevenness in the stone pavement, the stones 
are given a dab coat witli Emulsion and the above mixture of Emulsion and 
sand is spread over it to make up for tho unevenness and this has also been 
found very successful and it has resulted in saving cost of stone repairs 
by 70 per cent. 

The cost of ooinent pointing is Bs. 4/- per 100 square feet whereas the cost 
of Emulsion pointing is about ono rupee per 100 square feet. 

2. In tho Blphinstone Street of Karachi tho footpaths were provided 
with stone pavement and on account of age and traffio had become most 
uneven. It was proposed to renew the footpaths with cement concrete which 
would have cost the Corporation about Es. 15/- per 100 square feet plus the 
charges for tho removal of tho stone pavement. Here again the mixture of sand 
and emulsion was applied in about i inch to $ inch thickness to cover, up the 
unevenness after painting tho stones with a coat of emulsion. The footpath 
wins rolled with hand roller and closed to traffic for 24 hours. This entirely 
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have been following this method where we had a water-bound surface as our 
final aim and have continued it. Now we add a paint coat of tar or bitumen. 
We use what I think is known to most of you as a very tough and veiy sticky 
red bajri or moorum. That produces a very hard surface. We leave it for some 
time after water bound consolidation before any form of tar or bitumen surfacing 
is done. It is almost impossible to brush tlint oil with a wire brush. At the 
suggestion of Col. Sopwilh we used last year a certain .amount of clay which lie 
had described as loam as our consolidating material. This brushes off much more 
quickly. Using this material we will follow up our consolidation with our first 
coat of tar or bitumen more quickly in future, 

Mr. Bashiram said that he found no mention of tar No. 2 being used in 
Delhi in the- paper. •' I have not mentioned it in the paper because the paper 
merely notes on those specifications described earlier. But we have done two 
coats' of tar work on two roads which I have mentioned to Col. Sopwith. The 
reference to Es. 6 per 100 square feet is the cost of two coat work. In the 
first item of m-y Bohedule I have explained it. It you read the details given in 
column 1, you' will see that the havo coat work was done with Chandigarh ballast. 
I -think this’ Es. 6 per hundred square feet is not an excessive cost for two coat 
work include as it does the cost of bringing the Chandigarh ballast by rail from a 
considerable disbanoe. Incidentally, I think this disposes of, to a considerable 
extent, the theoi*)’ that the Delhi Quartzite is entirely responsible for some of 
the failures. Failure also oocurred with Tar when using this expensive imported 
stone. There is one more point which I should mention. It is the comparison 
between the Delhi roads and roads radiating from Delhi. The condition of 
these roads has been adversely compared with the condition of the same roads a 
few miles inside, say, the Punjab or the U. P. border. The fact is that the 
traffic intensity varies very rapidly. There avas a very clear instance of this in 
some figures we got for a road we went over a couple of days ago, The inten- 
sity, of • traffic trails off very rapidly as the road gets further from the centre of 
the town. We find in Delhi that every branch of a road that radiates from it 
takes away quite a large tonnage from our traffic dansity, and that 1 think may 
well explain why other roads 15 to 20 miles from Delhi can be well maintained 
by a specification much cheaper and much lighter than one necessary within 6 
miles of Delhi. 

Mr. Sondbi has given me almost an Accountant General’s, audit 
note on my paper. Frankly I can no more answer ir standing here than I 
could answer an Accountant General’s audit note on divisional accounts. I am 
afraid one point is definite, that I did not attend the Second Indian Eoads 
Congress at Bangalore, and I am afraid I have been so remiss as not ot have read 
all its proceedings. I will, if I can have it put up to me, recast the figures 
before my paper goes to print in the proceedings so as to make them fit in 
with the standard laid down. If that had been pointed out to me earlier, I 
might have corrected my figures. , 

With regard to light traffic, I mean 160 tons per yard width of mixed 
traffic, naturally if it is only motor traffic the amount of traffic classed as 
light would be higher, but we do not get that condition in most places in India. 
I don’t follow OoL Sopwith’s remark about “only being 50 tons per yard 
avidth per day of bullock-cart traffic’’. It was apparently a reference to my own 
note earlier in which I said something about the proportion of bullock-cart 
traffic. In Delhi, roads take very much more tonnage as they carry heavy 
bullock-cart and motor traffic. The particular roads under reference are tlie 
Eohtak Eoad- and - the Muttra Eoad, both of .which carry heavy traffic in 
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bullook- carts loaded with bricks. I may say with regard to the grading of 
stones, a point which Ool. Sopwith emphasized, that we have attempted in 
Delhi very careful grading — first screening the whole stone into .3 or 4 grades 
and then mixing them afterwards in certain proportions. This adds enor- 
mously to the expenditure As far as I could judge it did not add very 
materially to the life of the carpet. It was attempted with considerable care, 
in order to get properly graded material. We tried to get the best possible 
grading of stone. At the Inaugural Indian Boads Congress I strongly 
advocated the use of sand as I found it successful in Delhi. There is no 
doubt in my mind that a bitumen or tar concrete requires sand just as a 
cement concrete does. It makes a really dense job of the mixture. 

With regard to trackways I do not know if any of y'ou went over them 
when you were at Delhi this time. I think it is really noteworthy how 
successful they have been on a short length of railway' feeder road. This length 
carries quite heavy trafific. It is obvious that quite heavy bullock-cart trafiSc 
W'as carried throughout the monsoon last year without any perceptible 
dimunition. I don’t think the scheme of filling a slight depression in such 
tracks with any form of bitumen or tar fill is practicable. The bullock-cart 
wheel cuts through any such fill absolutely at once. We found serious 
deformation within a fortnight, and in most of them nothing was left. Straight 
forward cement concrete tracks have been a very definite success. 

Bai Bahadur Chhnttan Lai (Ghainnan): — Gentlemen, it is not necessary 
for me to summarise the discussion on this paper. You have beard Mr. Dean's 
able remarks and also other speakers. Most of the discussion has centred on 
the experience of tar in Delhi Province. There is no doubt that the general 
experience of Delhi Province with regard to tar does not conform with the 
experience of the United Provinces or the Punjab. Of course, so far as the 
United Provinces are concerned we have still an open mind. We do not say 
that tar as a painting material is wholly unsatisfactory. In fact, opinion is now 
veering round to the other side, and it is believed that at certain stages, 
especially in the initial stages, tar is likely to serve very good purpose. 

There is one remark that Mr. Dean has made as regards the speoifi- 
cation of the consolidation of stone metal. He said that on account of the 
brittleness of the stone that is available in Delhi it is not possible fbr them 
to follow the standard speoifioation. Well, in Meerut we have been using the 
Delhi stone and the Delhi grit, and we have found no difficulty in following' 
the standard specification in consolidating our metal. - We have used tar also 
in one or two places and the results have not been unsatisfactory. With these 
remarks I close the discussion on this paper. 



COBBESPONDENOE 


Beply by the Author (Mi'. A. W. H.) Deun to the comments made 
by Mr. B. L. Sondhi. 

With regard to the remarks by Mr. Sondhi on Traffic Density, I have to 
explain as follows: — 

Tyaffi,G density. — The traffic density given in the tabular statement for 
mile 3 furlong 4 of Delhi-Bohtak Road as 341 tons represents the village cart 
traffic only, vide remarks in column 7. The ligure of total load was omitted 
but can be added now. It is 772.9 tons. 

Similarly the figure given for the G.T. Meerut Road as 571 tons represents 
village cart traffic only, the total load being 1282.5 tons, as was given in the 
Delhi Traffic Census paper. 

Tbc variation in the figure for the two other roads namely, G.T. Kavnal 
Boad and Delhi'Muttra Road as compared with the figures given in the Delhi 
Traffic Census paper” is due to the points at which the Census was taken being 
different. The figures given in the statements are for miles 3 and 6 respectively 
against mile 4 and 7 of the Delhi Traffic Census paper. 

The figure represent all kinds of traffic passing the above points. 


■tPaper No. 14 in the Proceedings of the Second Indian Roads Congress, 
Bangalore, January 1986. 



Second Day, Tuesday, February 23, 1937. 
Ohaiuman — ^ niAJOit W.13. Whishaw, o.b.e., m.o., k.e. 


Chairman : — I call upon Professor Raja Earn to present his papei'. __ 


The following paper was then taken as read. 


Paper No. 83 

ROADS AND PUBLIC HEALTH IN INDIA WITH SPECIAL 
REFERENCE TO MALARIA. BORROW PITS, AND ROAD DUST. 

By 

Professor Baja Bam, B.Sc., A.il , Inst. C.E., F B. San. L, MI.E. (ind). 
Engineer la the Malm ta Survey of India, Delhi. 


Introduction . — In the early period of the history of ‘genus homo’,' 
when conditions of life were comparatively primitive and simple, it was 
possible for individuals and communities to maintain a high standard of 
health without the guidance and aid of medical, public health and other 
specialists. But the rapid growth and development of science and industry 
and their application to human affairs have created so-called artificial or 
more organised and highly complex conditions of life, which in their turn 
have resulted in new needs and new dangers ; these now call for the active 
co-operation and assistance of various specialists for their successful handling. 

It has thus come about that the work of even road engineers, the 
construction and maintenance of roads and allied structures needs now to 
be co-ordinated with that of medical ofiScors of health, public health engineers 
and other specialists to satisfy the demands of public health. This consider- 
ation forms the genesis of this paper. 


^ It IS obvious that the primary business of road engineers, in fact all 
engineers, is to execute their projects in the cheapest possible manner consistent 
with the quality of work demanded on tho basis of sound engineering practice. 
In doing so road engineers may not in the past have considered tho possi- 
bility of harmful results accompanying or following in the wake of their 
new constructions. In many instances road engineering wmrks have thus 
created and are creating grave menaces to public health. For removing 
such menaces subsequently, much larger sums of money may be required, ' 
if proper precautions arc not taken in the first instance. It is obvious 
that a little increase in initial expenditure based on a knowledge of the 
essentials of public health principles, would save large expenditure on 
remedial measures at a later date. 


Sow new road eonstmotion can cause the spread of diseases.~T\m nrinei- 


-Sopressions which 
malaria carrying anopheles, and ste- 
gomyia fasoiata-the carrier of dengue and yellow fever, and filaria. 
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(m) oolloctions of road metal on both sides of the road which some- 
times act as breading places for sandflies which cause sandfly fever. 

und the dust nuisancCt which under certain conditions causes diseases 
of the respiratory organs, such as bronchitis, pneumonia, tuber- 
culosis etc. 

It Is proposed to consider in this paper in some detail how road 
engineers can help in the reduction of causes which produce the type of 
diseases mentioned above. The first thing to be discussed is the type of 
road responsible for a large amount of sickness. Boad engineers are well 
aware of tlio fact that there are metalled roads in India whose milage is 
comparatively small and earth roads whose milage is by far the greatest 
of any typo of road. The Pucca or metalled road needs no lengthy treatment 
here, but tho earth road, which has several features to commend it for ordinary 
counti'y trafllc needs brief reference. 

Earth Bonds . — Tho special advantages of earth roads are : — 

(f) low initial cost, 

and (li) low maintenance cliarges and suitability for ordinary country traffic: 
but they also ordinarily possess serious disadvantages,''" some of which can bo 
avoided. 

Tho disadvantages are that they receive very little attention in main- 
tenance and are generally allowed to fall into dis-repair. In most oases they 
are the original village tracks, bub often, where In embankment, they have 
been extremely badly built, and are in consequence liable to damage by 
flood. Tlioy are badly drained and badly aligned and sometimes are not 
made to serve the area in the best possible manner. Lastly they are 
often provided with an inadequate number of culverts and bridges. The 
ttbsouso of nil ongineei'ing skill possibly points to embankments thrown up 
ns village works in a famine, but the menace to health is there and the 
attention of engineers cannot be drawn to a bettor example of what bo avoid. 

AUgnmenl . — Hoads and highways nil over the world have to be aligned 
from considerations not primarily of engineering convenience. The engineer must 
follow not tho watorsiiod but the dictates of transport roquirements and most 
roads liavo had to bo built across tho natural drainage system of the areas which 
they traverse. In low-lying alluvial plains I’oads must ho raised above the general 
level of the surrounding country so that trallic may move on a dry surface 
during wot woathor. This necessitates the construction of embankments which 
often tend to obstruct tho drainage and raise still higher tho level of sub-soil 
water which in tlio ordinary course during the rainy season, rises high in the 
plains of India. Allliough the damming up of accumulated storm water by 
ombankmonts takes ])Iaco only during the monsoon, the \vater lies long enough 
to facilitate tho breeding of mosquitoes. Anopheles and other mosquitoes 
breed profusely in many places in suoii water’, and spread the diseases mentioned 

before. 

Bridges and Culverts . — It is a well known faob that the inadequacy of 
bridges and culverts causes tho accumulation of water referred to in the pre- 
vious paragraph. Tlio number of suoh outlets should vary according to the rain 
fall and gradient, the principle being that the storm water should be removed 
from tho surface and the roadside before it has time to soak in and form pools. 
An average distance between culverts is said to bo about 400 feet or say 12 

+Soe U. S. Department of Agriculture “Public Hoads” for January 1980 

and November, 1981. 
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holes may themselves act as breeding places for mosquitoes. Eurthermore, 
weep holes within a mile of habitation should be inspected every year before the 
rainy season to see if there is any choking up or if they remain wet. 

Soirow Pits : — Borrow pita have often to be made along the aides of roads 
for supplying earth for road embankments. If tliey are made shallow and are 
properly drained, they are easy to control. But it is not an uncommon thing 
to find deep and undrained borrow pits which collect rain water and act as a 
breeding place for disease-producing mosquitoes. Within a mile of towns and 
habitations, where bank formation is required for road construction, the earth 
for the bank should, as far as possible, be taken off from the surrotmding ground 
in thin slices, so as not to leave any hollow or a pit for the collection of rain 
water. If possible the earth should be obtained from high ground and it is 
obviously preferable to spend money on extra lead than on anti-malarial 
measures after the damage has been done. 

If boifow pits more than a mile away fi'om tlie town are made deep, they 
may act as breeding places tor mosquitoes, but are not likely to prove trouble- 
some to tlio town, as the range of flight of disease-carrying mosquitoes does not 
generally exceed a mile. 

If, in the vicinity of some towns, deep borrow pits have already been 
made and if they retain water, thej' should be oiled or treated with Paris green. 
As an alternative, pumping the pita dry with manual labour pumps, may prove 
a practicable proposition whei'e such pumps exist and is mentioned for what it 
is worth. 


The writer feels he cannot too forcibly bring to the notice of engineers 
the short siglitedness of subordinating every consideration to economy in the 
project in band. There have been projects for road and rail ombankmonta 
within or in the neighbourhood of populated areas when the cost of leading earth 
and of digging borrow pits lias been estimated and the cheaper alternative has 
deliberately been chosen. A typical example is found in the Agra- Delhi chord 
railway embankment at Delhi which is surrounded by numerous borrow pita. 


Protection- of road staff front malaria — Dong stretches of roads run 
across malarious and rinbealtliy tracts in India. For the convenience of 
engineers and otlior supervising and inspecting stall as well as for the public. 
Inspection bungalows. Dak bungalows and Rest Houses have been built 
on the road side bub mosquito-soreeiiing has not often been provided in 
these bungalows. The olficial on tour and the experienced traveller caiTies 
his mosquito-net willi him, but in highly miilarious tracts he needs protection 
even in his waking hours. The cost of wire gauze screens bo doors, windows 
and clerestory windows may ho considerable, but this protection is his ue. 
The wire gauze recommended for screening is of 14 m^h at least an o 
28 to 30 S. W. G. wire, giving apertures of about 0.055 to 0.057 inch. 


A plea must be put in for the humble road gang coolie. He is provided 
with gang huts, at intervals along the road. The cost of screening those u s 
in malarious tracts would not be prohibitive. As an alternative cheap 
mosquito-nets may bo provided, one half of their <mst may be paid by le 
Road Department and the other half deducted from the wages of coolies. 


Dampness and Sandfly fever.— Jn the earlier part of 
mentioned that the second source of danger to public health 
construction and road maintenance was dampness in the 
embankments duo to improper drainage. This danger can bo obviated 
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exactly the same maimer as the first one namely, the collection of water. The 
third source of danger, sandfly fever, can be avoided by covering up with earth 
the collections of road metal within half a mile of human habitation. This 
will prevent the breeding of sandflies. 


Boad dust and publio health in India . — The danger to public health from 
dust remains to he considered. It may be mentioned that no serious injury to 
the respiratory mucous membranes results from ordinary road dust if it is free 
from bacteria. "When the dust is excessive or is of an irritant nature or 
contains pathagenio germs, it becomes injurious. The danger from dust 
becomes greater if it is constantly present and individuals are susceptible to 
such diseases as the dust ingredients are likely to induce. 

Dust can directly irritate and inflame respiratory organs and indirectly 
act as a predisposing medium for many infectious diseases. Silica in the 
dust is a direct irritant and predisposes individuals to pulmonary tuberculosis 
and induces fibrosis. The presence of pollen, organic matter and bacteria 
in the dust makes it more dangerous. The common diseases produced by 
dust due to direct irritation of the mucous membrane are silicosis and 
asbestosis. To keep down dust on roads necessitates first of all the con- 
struction of a proper and good surface. Onfortunately in India road engineers 
are short of funds and the question of dust pi*evention on roads has not yet 
received serious consideration. It is true that recourse is being had more 
and more to bituminous paint for road surfaces, but this is being done to 
effect economy ; dust prevention comes in only by the way. For dust pre- 
vention, as road engineers are well aware, many methods are adopted such 
as the use of bitumens, asphalt, tar, road oils and solutions of calcium chloride.* 


But under present conditions in India the prevention of dust nuisance in 
towns and villages is a problem admitting of no obvious and practical solution. 
Even if road surfaces are treated with bitumen or oil there is in busy thorough- 
fares the dung of draught horses and bullocks to lie dealt with. In busy 
quarters hundreds of tongas ply and the horses invariably drop dung. Before it 
can be swept away it dries in the hot sun and is converted by the wheeled 
traffic into dust of a dangerous kind. Another source of dust is the Kuchha 
courtyard of houses on either side of the road. The sweepings from these 
courtyards are usually thrown on to the roadside and are a source of the dust 
nuisance. Unless the houses have Pacca courtyard and motors replace draught 

1 continue. It is a well-known fact that dust 

■storms and clouds of dust wafted from the deserts of Rajputana overcast 

hv^ elen season. Thus the dust nuisance cannot be prevented 

other fnrmTn treatment when such 

prevention of the dust 

certaffiK' the precautions mentioned above should 

.h.pto.p„. „°a areitoVho Z 

Zeitschnft. 

ib, 260, Dust Prevention on Roads 
Architect, Bautech. 

1933, 20 (19) 160-1 Dustless Road Surfaces. 

1936, 9 (6) <1 Road Oiling in Vienna. 

Ti’ »■ ■^Sricultnre Year Book 1907 
Dust Prevention. 
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Moreover the dustlesa surface should bo sufficiently wide to keep vehicular 
traffic off the earthen berm. A cheap and efficient form of widening is a brick 
on edge pavement and the ideal width for tliis pavement is from the edge of the 
treated surface to the side drain. This incidentally helps drainage and prevents 
the formation of unhealthy muddy margins in web weather. 

Eecontly a mixture of molasses, water and phenol has been mentioned as 
lioving proved effective, as a dust preventive on a certain private estate but 
experience was based on a trial of only about 3 weeks. Without considerable 
trial on public roads, no useful opinion can bo expressed on the merits of the now 
process. Further in Mysore State molasses has been used to provide a smooth 
and dust free surface and to protect the underlying macadam from wear. Even 
tliis experiment is of too recent a date to warrant a pronouncement of opinion, 
and those two dopartui'os from normal practice are only mentioned to show that 
onginoors have not been backward in attempting to utilize an abundant by- 
product of the rapidly developing sugar industry. 

Conclusion . — To avoid any impression of captious criticism divorced 
from reality as ropresouted by the limitations of the public purse the writer 
would repeat tliat the range of action of the mosquito is a mile. Such funds 
as are available for remedying the errors of the past need not, thereforo, be 
spent outside the radius of a mile from towns and villages. New borrow pits 
unless properly drained should not bo dug within this distance and care in 
tho preparation of now projects would then provide tlio additional security 
asked for. 

But so far as malaria and other mosquito-borne diseases are concerned, 
the writer must sound a note of warning to engineers against the indiscriminate 
or misguided adoption of nnti-maiai'ial and public health measures in any 
locality. A malariologist or public health officer should always ho consulted 
before any such measures are adopted. It is a common belief amongst lay 
people that anti-malarial and anti-inosquito measures are synonymous, but 
it is not quite so, for it is only about half a dozen out of about 43 species of 
Anopheles found in India that act as malaria carriers. Out of the malaria- 
carrying Anopheles, d. macnhtvs, A. vtinmns tind A, Siindaiciis or htdlcnoi 
prefer breeding places exposed to sunligiit so tlrnt if tliosc species are found 
in a jungle, tho incliscrimiimte cloarnoss of that jungle, as happened in Assam, 
would help their more profuse proliferation, though it will bo deterrent to tho 
brooding of tho shade loving A, umhrosus. Salt sw’amps in India, Burma and 
tho Andamans are the favourite haunts of A. hidloioi. A thorough kno\ylodgo 
of the bionomics of various species of Anopheles and other mosquitoes is the 
most important factor in tho campaign for the eradication of malaria, and 
therefore onginoors should, when necessary, consult the malariologists or ento- 
mologists who possess sucli knowledge. 

Tho W'riter considers it closirablo that at least one assistant engineer in 
each division of the buildings and roads branch of the P.W.D. in malarious and 
unhealthy tracts and provinces, such as the Tevai and Bhabhar estates, tho 
northern slopes of Khasia Hills, West of Chota Nagpur in Bihar and Orissa, 
tho foot of Nilgiris, Dooars, Singhbhuin, the Agency Tract in Madras Presidency 
Eastern Ghats, ate., sliould be deputed to undergo a short course of instruction 
and training in the special aspects of engineering relating to malaria and public 
health. Though by undergoing such a course of instruction, an engineer may 
not bocomo an expert malariologist or Public Health Officer, he would at least 
learn to appreciate tho damage which many ill-oxeouted (from the sanitary 
point of view) projects may cause. Ho should also bo in a position to avoid 
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blunders in the future. Ha would be capable of carrying out minor anti-mala- 
rial operations, and engineering works for the improvement of public health 
on his own initiative, and would realise the necessity of obtaining expert 
advice from the mnlariologist or Public Health Department on major works. 
In short it is high time for road engineers, in fact all civil engineers in India 
to realise that the eradication or control of nil mosquito-borne diseases including 
malaria is as much an engineering project ns it is a sanitary or a medical 
problem. 
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India" by Lt.-Ool. J. A, Sinton, M.D., D.Sc., I.M.S. and Prof. Eaja 
Kara, B.Sc., A.M. Inst. O.E., P.B., San. I. 


DISCUSSIONS ON PAPEE No. 33. 

Professor Raja Kara (Author): — Mr. Clinirraan and iVIombors of the 
Congress.— ^In the first place, I want to thank tlio Council of tho Congress 
for permitting me to read the paper, for as yon are aware I am not a member of 
the Congress. This paper was written at tho instance of the Public Health 
Commissioner with tho Government of India under whom I am temporarily 
placed. The Health Department of tho Government of India has fora 
considerable number of years been acutely feeling that tho various branches of 
the Public Works Department in India have been in many instances inadvertently 
building works in such a manner that they hare caused and ai’o causing a large 
amount of preventable sicknesses. All the attempts of tho Health Department 
in^ the past to persuade engineers to attend to certain broad considerations and 
principles of Health preservation in their projects and works seem to have gone 
generally unheeded, until tho work or project itself could not be executed owing 
to sickness among labourers as happened at tho Headworks of tho Sarda Canal. 
One of the most harmful and common disease engendered or its incidence 
rabstanhally increased as a result of some of tho works executed by the Public 
i 1 Malaria. Evidently disappointed by the scanty response 

of the Public Works Department engineers, tho Health authorities in order to 
press their point of view got the following resolutions passed at tho Business 
meeting of tho Seventh Congress of Ear Eastern Association of Tropical Medicine 
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held iu Eritiah India in December 1927, which laid atreaa on Man made 
malaria. Tlie firati resolution reads as follows : — 

“The Malaria section ol tlie Seventh Congress of the Par Eastern Associ- 
ation of Troi>ical Medicine are aware of many instances of a great increase in the 
incidence of Malaria caused by tho facilities given to mosquito reproduction by 
engineering works, either during construction, or afterwards, due to the different 
conditions brouglit about. Tliis Congress is of the opinion that plans for railways, 
canals, harbours, and all similar engineering works likely to affect the conditions 
producing malaria, sliould bo submitted to the proper public health authorities, 
and their sanitary engineers before being sanctioned by Governments." 

They passed a second resolution which rends as follows:— 

"For wide rural areas, specially those with scanty, poverty-sticken popu- 
lations the first stop in the control of malaria i.s adequate research, so that the 
conditions present may be ascertained and tho best methods of control under 
tho particular circumstances ascertained ns a result of research. Methods of 
prevention may l)e of great variety, and include drainage. Hooding, jungle 
clearing, jungle proson’ntion, bonification, the promotion of agriculture, improve- 
ment of housing and tlie gonoml economic condition, education etc., of tho 
people. The systematic killing of the adult mosqtiitoes-seroening, tho use of 
anti-malarial drugs, and a liost of special motliods Itavo each to 1)0 considered 
in their proper application. The Gongros.s de.sires to stress tho need not only 
of thoroughly trained malaria research officers, but of export malarial engineers 
in whichever type of malaria prevention is nt stake " 

Iu pursuance of the recommendations embodied in the last sentence of the 
second resolution, tlie Indian Beseareb Fund Association selected mo tor 
appointment to the post of Malarial Engineer to tlie Malaria Survey of India. 
I joined this post on July 2. 193d, and under the guidance of two very able 
Directors of Malaria Survey of India Tjt.-Col. Sinton, D.Sc., M.D., V.C., I.M.S,, 
and Lt.-Ool. Oovell, linvobeen able to boo for myself where the engineers 
wore found wanting from the Public lioaltb point of view. Some of these 
observations based on extensivo tours through various parts of India are pre- 
sented before you in tliis paper. 

Personally, I fool that engineers can help materially in the control of 
malaria and some other di.soasos in India. Lo Prince and Orenstoin, the two 
eminent engineers, in Panama, by their public lioullib work in the prevention of 
Yellow Fever and malaria made the construction of the Piiunma Canal a practical 
proposition. Owing to the incidence of these diseases the construction of this 
very canal by a French Company was ni.uie previously impossible. Henry 
Home, Hardonburg and Evans are other engineers of note in the domain of 
malaria prevention and control in otlior lands than ours 

In dealing willi engineering moasuros for tlie control and prevention of 
mosquito-borne diseases somo further explanation may, I believe, prove useful. 
Firstly, it is obvious that if there are no mosquitoes (f.e., tlie carriers of the 
diseases) there will bo no sickness caused by their bite. 

All anopheles and most culioinos breed 'or lay their eggs in water. Ano- 
pbelos develop from the egg stage to adult stage in 6 or 7 days under ordinary 
'conditions of weather, onlioines tako from a week to sevon weeks and sandflies 
from 2 to 5 weeks. If engineers can an-ange in all tlioir works under and after 
construction not to liold up water, except wliora it cannot bo helped, for more 
i'lian six days there can bo no brooding of anopiiolos and cnlicines, and therefore 
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no mos(}nito*borne diseases. If water is held up for more than this period it 
should be treated with oil, Paris green, pyroeide or other insecticides. Por 
removing water an efScieut and well-planned system of drainage is essential. One 
thing more should be remembered and that is that anopheles always breed in 
comparatively clean water whereas culcines breed even in sewage ofiluents. 
Even one-eighth inch deep water of the size of a rupee is sufficient to enable 
hundreds of mosquitoes to lay their eggs and breed. The next point of import- 
ance is the limit of distance from habitations for effective anti-malarial control 
measures, in other words how far from inhabited areas shonld there be no 
standing water for the prevention of malaria and mosquito-borne diseases 
generally- So far as onr present knowledge goes a minimum distance for con- 
trol works is one-quarter of a mile right round populated places, preferably one- 
half of a mile; under ideal conditions where money is no consideration it may be 
extended to ohe or one and a halt mile, for the range of flight in tlie case of 
cnlicines is from one to two miles. Among other measures the road engineers 
might consider the feasibility of mosquito-proofing of wells, water cisterns and 
dak bungalows on the roadside in malarious tracts. 


If all engineers including road engineers applied fcliemselvos to a stud}' of 
the problems of public health in relation to their specific branch of engineering 
and if the Government and their ciiief engineers encouraged them to do so and 
apply the results of their study in the execution of works I feel certain that the 
lead for controlling preventable diseases by engineering measures will pass fram 
the hands of medical men to those of the engineers. It may ho worthwhile 
mentioning that the first enquiry into ‘Malaria and water-logging’ appointed in 
India by the British Government, i.e., the East India Company was in 1847 and 
consisted of three members of which Major W. E. Baker (President) and 
Lt. Yule were Engineers and Surgeon T. E. Dempster was the only medical man. 
I think that should represent the coiTeot proportion of the activity of tlie Engi- 
neering and Medical workers in the domain of such Malaria control activities. 

I am primarily concerned with malaria. However at the instance of the 
Public Health Commissioner I have also dealt with dust nuisance in my paper 
and in this lespect having no practical experience of the subject, I have done as 
bast as I can. If there is any point which requires further explanation I should 
be glad to explain it. 


Gupta: I agree with Professor Raja Ram regarding the care 
that should be exercised in digging borrow pits near Iminan habitation, but I 
doubt whether it would be possible to take out earth in thin slices wlien the 
embankment to be made is higli. I would rather follow up the method adopted 
by the District Board of Dacca for making embankments near human habita- 
tion. Instead of digging a number of borrow pits along the alignment they 
acquired the old sbagnont ponds of the village through which the road passed 
and from_ which the necessary amount of earth was dug out. Thus the 

mosquitoes, have now got several 

direction and engineers in charge of similar works 
fives nnen cheapest way should also keep their 

road runs ^ welfare of the people of the villages through which their 


Chairman:— I call upon Professor Raja Ram to reply. 

wells reply to the question of mosquito-proofing of 

wells, I think It will be better for me to refer to the general principles of 
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mosquito-proofing. I have recently oontribnted a paper on, "The design ot 
mosquito-proofed buildings in India” which has been published by the Insti- 
tution of Engineers (India), and to those of you -who wish to look at ifc I can lend 
my copy. As regards mosquito-proofing, the main principle is that we should 
leave no apperture in any building or structure larger than the size which can 
admit a mosquito into it. This means wo should cover up the wells entirely, 
provide slabs over them and put in either a liand-drivou or a motor-driven 
pump- I have prepared some designs for Delhi area and I have got them at 
my Delhi office. They are not very elaborate but they give the essential 
features of the design and I shall be very glad to supply copies of these designs 
to any member who would like to see them. 

Mr. S. G. Stubbs (Punjab): — ^What about the well with a Persian wheel. 

Prof. Raja Ram : — We cannot mosquito-proof it. Only those structures 
which are capable of mosquito-proofing can be mosquito-proofed. 

Chairman;— On behalf of the Congress I thank Prof. Raja Ham for his 
very inteveatvng paper coveting a subject which we as engineers are somewhat 
apt to overlook or neglect. 

I suggest that if his paper will induce more of us to prepare estimates in 
such a way that we can finish our works satisfactorily in respect to tho kind of 
details that he has mentioned, his paper will achieve one very usofal result; 
and if it will induce any of us to try and do something to fill up borrow pits 
along tho aides of roads — even if it bo on a ten year plan — and so make an 
alternative way for animals and pedestrians, it will have served another very 
useful purpose. 


CnAiRMAN — Brigadier B. 0. Walker. 

Chahnian '.- — In tho absence of Mr. G. D. W. Moss, I call upon Mr. .T. P. 
Anderson to introduce the paper. 


The following paper was then taken as read. 


Paper No. HG 


WAYS AND MEANS OF IMPROVING THE BULLOCK-CART. 

By 

Q. L, IF. ilfos,'!, Service Manager, The Dunlop liubber Company 
( India) Ltd., Calcutta. 


Bulloolc-oarts, as they may bo seen in India lo-day, are probably very 
little changed in design and general appearance from the buliock-oarts tliat 
were to bo seen many hundreds and oven perhaps thousands of years ago. 
The circumstances and conditions in which they work liavo, liowover, changed 
immeasurably, 

Modern communications have so stimniated industrial development in and 
around the larger towns and cities, and agriculturally have resulted in so 
great an extension of tho cultivation of 'money' crops as opposed to ‘subsistanco’ 
crops that entirely new Transport and Traffic problems have boon created. In 
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the highly indusfci'ialised countries of the West the mocluinization of trans- 
port has proceeded at a rapid rate. In India, however, the vast undeveloped 
ai'oas with their inadequate roads, coupled with the extreme poverty of the, 
agricultural population, ensure the continuance of Animal Transport for many 
years to come. The Government of India Census in 1930 returned the number 
of bullock-carts in India at approximately 8a millions, and there seems to bo 
little evidence of any diminution of their numbers. 

Although a great deal of independent experiment is of course always being 
carried on by various Koad Authorities, it is perhaps somewhat surprising ^ in 
view of this vast traffic that an authoritative and ooniprolmnsive investigation 
into the effects of Bullock-Oart Traffic on various modern Hoad Surfaces has 
not already been carried out in this country. Opinions regarding the time re- 
quired for the destruction of certain typos of surfaces by various intensities 
of Bullock Cart Traffic difler very considerably, but there is nm])lo general 
testimony to the prowess of this Iron-Tyred Trallic for the job. In tliis connec- 
tion the Consulting Engineer to the Government of India (Roads) in Ibo March 

1933 issue of ‘Indian Eoads’ remarked : — 

"Thera is general agreement I’egarding the destructive action of many 
Bullock-carts upon road surfaces and this lias come prominently 
to notice in recent yoar.s owing, firstly to the destructive oilcct of 
combined motor and bullock-cnrt traffic on niacadnni roads and, 
secondly, owing to the way in which trackin,'; luillock-carls cut 
through certain asplialtic surfaces which are (iiiitc suitable for 
heavier moclianical transport units”. 

Expai’iments carried out in Brunswick soiue years ago on the Brunswick 
Experimental Road demonstrated that of all classes of traffic the greatest 
damage was caused by mixed rubber and iron-tyred traffic, and it was reported 
that 82,500 tons of mixed tyred traffic caused more damage t>han the 
820,000 tons of ruhher-tyied traffic operating at luucli higlior speeds. The 
iron-tyred traffic for these tests was provided by mcchatiiciilly drawn 
trailers and therefore prohalily properly sprung, und fitted with very much 
superior huh and tyro equipment tlmii that ordinarily possessed by the 
Indian Bullock-cart. 

The Sevontli International Roads Congress held at Munich during 

1934 in an Investigation of the relationship botwoeii vehicular traffic and 
road surfaces in regard to tbo economy of transport’ concluded that : — 

The greatest difficulties connected with the adaptation of tbo .surfaces 
to the ti’affic are encountered when llicrc i.s a mixed trallic consisting 
of I'ubber-tyred motor vcliicles nnd iron-tyred liorsc-drawn vehicles. 
The lighter the form of construction the greater are the difficuUies, 
wbiob do not rise to any noticeable o.xlont in the c.aso of heavier 
forms of construction. 

In view of the use of draught animals, owing to their shoes being 
iiequently fitted with grips and calks, and in view of the utilisation 
of iron-tyred veiiicles, it will, in many oases, ho more economical 
o make use of heavy forms of construction, oven though the 
motor vehicle traffic may bo comparatively small”. 

(Concfituotis 7 a«rf S) (6</i gi(estton) 

t- j example in India of the effect of heavy mixed rubber and iron- 

° PJ^’ovided by the Lady .Tamshoclji Road in Bombay ■which 
a t ough having a cai’pot of 3" asiilmlt on a 6" cemont-concrote foundation is yet 
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worn into deep ruts, which are irreparable except by renewing the carpet at 
a heavy cost. On the other hand, Queen’s Eoad of the same city, on which 
bnllook-eart traffic is prohibited, has a surface of only h“ asphalt dressing on 
an ordinary water bound surface, and although subject to a high intensity 
of motor traffic, costa very little to maintain. Similar evidence of the damage 
wrought by heavy cart ti'affio is to be seen in almost every large town. 

Mention may be made here of some experiments earned out in New 
• Delhi by the Public Works Department in 1935’' — to determine the relative 
effect of iron-tyred and rubber-tyred carts on an asphalt painted road surface : — 

"Each cart carried 500 bricks or approximately 3,500 lbs. The pneu- 
matic tyred cart had two wheels with a track of 5 feet 6 inches, 
the weight of each wheel when fully loaded being 18 owts. and 
it was drawn by one bullock. The wheels of the local cart were, 
rear 3 feet, front 2 feet in diameter. The tyres on all four wheels 
were 2| inches wide, the wheel base was 4 feet 6 inches and 
the track 5 feet. The loads on each wheel when fully loaded were 
front 7 owts., rear 13 owts. The cart was pulled by a pair of 
bullocks. 

Both carts were set to circulate on an asphalt painted road 40 feet 
wide, their tracks being marked out for them and consisting of two 
strips of 100 feet each way with semi-circular ends. After 1,400 
circuits the painted surface under the local cart started to break up 
in small patches, and after about 30,000 circuits the surfacing of the 
track under the local cart was practically destroyed, while that under 
the pneumatic tyred caii showed no signs of wear. It was then 
calculated that the damage done by a local four-wheeled cart of 
this type for that part of its trip for which it was loaded would 
amount to Es. 67/- per annum for every mile of daily travel, while 
the damage done by the pneumatic tyred cart was imperceptible, or 
in other words that the cost of maintenance of a mile of road of this 
type used daily by 100 local carts would be Bs. 5,700 per annum’’. 

Similar tests were carried out in the same year in the North-West 
Frontier Province under the direction of the Director of Agriculture & Allied 
Allied Departments, and were described as follows : — 

"Two ring tracks 9 feet wide and 369 feet in length were laid down. The 
construction consisted of: — 

6*' of soiling with 2^" metalling. Surfacing with Colas on one 
half and Tar on the other. Consolidation of soiling and 
metalling with heavy roller. 

On one ring two country bullock-carts were placed. The weights of cart 
and load were 4,727 and 4,851 lbs. in each case. 

On the other ring two nibber-tyred carts were circulated the laden 
, weights of which were 7,258 and 6,763 lbs. each. 

The track on which the country carts were plying showed immediate 
signs of wear, and in the course of four days had worn into deep pot 
holes. 

In spite of continual repairs the wear did not abate and after 19 days (for 
the first six days the test was carried out with single carts) during 


’’'See ‘Indian Eoada’ October 1936 issue, page 3. 
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which the test continued for 8 hours a day, the experiment wau given 
up as it was thought that the tracks must have been badly laid. The 
ring on which the rubber-tyred carts were circulating showed practi- 
cally no signs of wear. 

The average pace of the rubber-tyred carts was 3.12 m.p.h. and of the 
country carts 2.61 m.p.h. 

It was then decided to carry out the tests on tho Grand Trunk Hoad 
between Peshawar and Nowshera. This is a bitumen emulsion treated 
road on which 50 years of consolidation has been going on. 

The stretch chosen was resurfaced in July 1934. 

Two lengths of 110 yards were chosen and tho same country carts and 
rubber-tyred carts were driven up and down for 8 hours a day. 

The ordinary traffic was diverted to tho side. 

On the fourth day the tracks on which tho country carts were circulating 
began to sliow signs of wear and in patches tho surfaces began 
to peel off”. 

These experiments illustrate the enormously dostructivo ofTects of bullock- 
cart traffic on metalled roads and enable some idea to be gained of what it must 
cost the country on road maintenance charges. 

On rural Earth roads the effects of iron-tyred bullock-cart traffic are not 
perhaps so serious from the point of view of Road maintenance costs, ns from the 
economic aspect of bad communications resulting from the deterioration of road 
surfaces. It is indeed nob uncommon for whole areas to be completely out off 
from all contact with the outside world for a considerable part of the year, owing 
to the impassable state of the roads as the result of bullook-cart traffic. In 
this connection tests carried out by the Imperinl Institute of Agricultural 
Research, Fusn, are interesting. 

^"Experiments detailed here have already shown that in the course of 
664 journeys made by ordinary farm carts with a load of 25 mnunds 
cane, and returning empty over an ordinary kuchlm cart track or 
Itkh, the wear on the Ukh was inches greater than that pro- 
duced by a Dunlop cart carrying double the cane maundage working 
on a similar track and making a similar number of journeys, while 
that of the ordinary country cart carrying 12 maunds and doing a 
similar number of journeys was worn down to 4^ inches below tho 
Dunlop surface. 

At the bottom of all this is the real crux of the carting problem. The 
average country cart by its destructive action on the carting surface 
reduces its own pay load automatically as the season progresses, and 
does^ a tremendous amount of damage to the road which has to be 
repaired before next season, while the Dunlop cart carrying a much 
greater load maintains its carting surface in excellent condition and 
by this method keeps its pay load at the same level throughout the 
season and reduces the cost of. road upkeep to the District 
authorities”. 


*Page 632, Agriculture and Live-Stock in India, Vol. IX, Part V, Str., 1934. 
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The Eoyal OommiBsion on Agrioultm-e refers to the effects of bad eommr,«! 
cations as follow ■"mum- 

"India being essentially an agricultural country, bad oommunioations not 
only hamper the agriculturist in marketing the produce but also raise 
the price of his produce and purchases from elsewhere. In fact it 
has been the improvement in communications generally since the 
middle of the last century that, more than any other factor has 
brought about the change from subsistence farming to the growing of 
money crops such as cotton, jute, groundnuts and tobacco. 

Bad communications also impose a constant strain on the stamina of 
draught animals and seriously reduce their efficiency lor the all- 
important work of cultivation." - 

The bullock-cart therefore constitutes a very real problem. It is a vital 
link in the transport services of the country, and provides the major means of 
communication for vast areas. It is at the same time one of the most road- 
desti-uctive types of traffic, and to a large extent regularly immobilises itself and 
other traffic, tliroughout a substantial part of eiicli year in those areas where it 
is must needed. 

Turning now to the bullock- cart itself, before referring to somo of the 
ways which have been suggested for improving the bullock-cart, it should 
be noted that any proposed improvements must bo of necessity either cheap 
enough to be within the roach of the resources of the average bullock-cart 
user, or must so increase the transiwrt efficiency of tlio vehicle as to render 
the improved type attractive to capital, and so make the provision of finan- 
cial assistance practicable to the more impoverished type of user. Efforts 
to improve the bulloek-oart must obviously bo concerned with the hub 
and wheel equipment. In many parts of the country the rest of the cart 
merely consists of bamboos, or pieces of timber roughly fastened together. 

The majority of hullock-carts oirerating in and around towns and cities, 
and largo numbers of carts in rural areas now have iron axles and 
iron tyres, Thoso axles are bedded in a wooden axle tree and terminate 
at each end in a journal of small diameter, which works in a roughly 
made iron hush simk into the wood work of tlio wooden hub. The wheel 
is tlien built up from the hub and an iron tyro fitted over the felloe band; 
The size of wheels employed varies very considerably, the diameters renging 
from 3 feet to 5 feet (i inches or even G feet (except in the case of four-wheel 
carts where the front wheels are of course much smallor). The design of the 
felloe band also varies in different parts of the country and it is intorosting 
to note the different widths and shapes of felloe bands that have boon dovelojtod 
as the most snitahio for easy passage over different types of surfaces. 
The widtli of the iron tyre also varies in many parts of tho land, and for 
different conditions of service. Widths range from Ij-" to 3" — more or loss 
in accordance witli gross axlo loads, which run from Imlf-a-ton to as much 
as 3^ tons. It is not easy to calculate exactly what those loads represent 
in road pressure per square inch, as it is almost impossihio to determine 
exactly the actual area of eonlact l)Qlvveon an iron tyre and the road 
surface 'because tlio clastic deformation of tho wheel and tho elastic and 
plastic deformation of the road surface and the layer of dust over it cannot ho 
estimated'. Few roads aro sufficiently smooth to give an oven bearing 
between tho iron tyro and tho road surface and also, as tho result of 
continual screwing over the road, iron tyres almost iiiovitahly wear into 
curve and thus produce point loading. 
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Ib has, however, been esbimabed* that the actual contact area of a 
country cart wheel with macadam would be about 1*. to 2 and that 
assuming it is about 2" the mean intensity of pressure between the iron tyre 
and the road must be between 500 lbs. and 900 ^s. per square mch-while 
the maximum must be considerably greater. When it is considered that 
in addition to these high static loads the destructive effects of iron-tyred 
bullock-cart traffic is aggravated by a pulverising action produced by excessive 
play in the hub, wear of the iron tyres causing point loading, splaying of 
the wheels and other irregularities — some idea may be gained of the capacity 
of the bullock-cart as a surface destroying agency. 


As against 500-900 lbs. pressure per square inch under the most 
favourable circumstances of the country bullock-cart wheel, it is interesting 
to compare the intensity of pressure exerted by the pneumatic tyres on the average 
bus or truck. The size of tyro in most common use is a 6 tyro on a 20 rim 
(32 X 6) which is suitable for a maximum load per wheel of 2,650 lbs. It is 
found that the area of contact with the surface of the road is 40.382 square 
inches at an inflation pressure of 80 lbs. per square inch. This gives a maxi- 
mum intensity of pressure between tyro and road of 65 lbs. per square inch. 


Methods of bridging the gap in tyro efficiency between rubber-tyred and 
iron-tyred vehicles involve either (i) improvements to the existing typo of cart 
hub, wheel and tyre, or (ii) tho substitution of alternative types of hub, wheel 
and tyre equipment. 


It is only recently that much attention has boon given to the former 
method, and investigations do not seom to have ns yot progressed much 
beyond the experimental stage. It may bo remarked, however, that tho modi- 
fications proposed by would-be improvers of the existing wheel and hub equip- 
ment, invariably involve the uso of wide iron tyros, four inches to five inches 
in width, in conjunction with, cither roller bearing hubs, or hubs fitted with 
cast iron bushes. Wide iron-tyred wheels are, if pi-oporly made, not only 
heavy, but expensive to manufacture, and when operated over rough sur- 
faces — costly to maintain. Bullook-cai’ts, as well as operating over metalled 
roads, as a rule, also have to traverse unmotullcd roads, which are often no 
more than rough imeveii tracks. It is very questionable if wide iron-tyred 
equipment can be produced to give satisfactory draught and maintenance 
results for such conditions as these. Tho utilisation of roller bearing hubs 
for un-sprung iron-tyred wlioels, whilst having advantages in the matter of 
maught, is, however, open to serious objection on maintenance grounds. 
Farther more, owing to the fact that except at high original and maintenance 
cosb, it is impossible to prevent an iron-tj-re from woaidng and forming a 
curve ^resulting in point loading, the improved ofliciency of the wide iron 
tyre 18 considerably mitigated. Finally, it is doubtful whether a sufficiently 
substantial gam in operating efficiency can be secured in this waj- as to render the 
improvements effected an economic proposition from tho user’s point of view. 

t second method mentioned above obviously points to the provision 

o lubber tyres. From the Road Engineer’s point of view, tho pneumatic tyre 
is the Ideal solution of the bullock-carb problem. Large section pneumatic- 
tyred carts rolling at biilloek-cart speeds, practically eliminate wear on modern 
load surfaces from this class of traffic, whilst tho effect on kuchha surfaces is 
merely one of steady consolidation. 


«See Indian Roads ‘Loads and Tyres of Biillock Carts,’ March 19^ issue. 
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Pnouamtic equipment for bullook-carls ms first introiiueea some three 
years ago and .has made oonsidernble progress. It is estimated that there are 
now six or seven thousand pneumatic-equipped vehicles operating in India, whilst 
very much larger numbers ot horse-draw'ii vehicles on pneumatic tyros may 
now be seen in England and other countries. The equipment comprises cast 
iron hubs, each hub being fitted with two taper roller bearings. The wheels 
are of the steel artillery typo and are fitted with specially designed pneumatic 
tyres. • The section of pneumatic tyro in most general use on hulloek-oarts is 
an 8" section on a 19" diameter rim. The approximate contact area of this 
tyro with the road surface, with a load iwr wheel of 3,925 lbs. at an inflation 
pressure of 70 lbs. per square incli is about 87 square inches, which gives 
an approximate average load per square inch of contact of 45 lbs. The differ- 
ence between this figure and the 500-900 lbs. minimum intensity of road pressure 
of the ordinary bullock-cart wheel, reveals very strikingly the comparative 
inefficiency of the iron tyre for road transport purposes. In the case of the ex- 
periments, already mentioned, made at Delhi, Pusa and in the North West 
Frontier Province, it was found that no apparent damage to road surfaces bad 
been done by the pneumatic-equipped carts under tost. 

Another very important advantage that the pneumatic equipment possesses 
is that the shock absorbing properties ot the pneumatic tyro enable a taper roller 
bearing hub to ho satisfactorily utilised. This hub in conjunction with the 
pneumatic tyre secures a substantial reduction in draught ns compared with the 
draught of the ordinary bullock-oart, '^Experimouts carried out in the United 
Kingdom indicated that the pay load that could bo carried for tlie same draught 
was always greater than when ordinary wheels wore used. The increase in pay 
load due to the use of pneumatic equipment varying from 35% to 108% according 
to surface conditions. These tests were of course made with farm carts as tsed 
in England and the same farm carta fitted'with pneumatic tyros. Similar tests 
made in this country indicate that the possible increase of pay loads lor bullook- 
carts is much greater, owing to the fact that the liuh and wheel arrangements 
of country carta are much lass ofliciont than tliat of tlie average Farm cart in 
the United Kingdom. The following tablef of comparative draught compiled at 
tlie Imperial Institute of Agricultural Research, Pusa, is interesting in 
this connection; — 
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The results of practical usage in different parts of the country in varying' 
■ amnlv demonstrate the very substantial reduction in draught 

oircumstaim , ^ may be quoted is that of a leading Municipality 

secured. transport 128 tons of refuse per month 

Ts SS 35 tons carried by the iron-tyred cart. In the sugar-cane areas of 
as agamsD o pneumatic-equipped carts are 

aufto ™ »' “>.20 to 26 ma.. 

normally carried by country carts. 


Not only, therefore, is pneumatic equipment the ideal solution of the 
bullooh-cart problem from the road engineer’s point of view, but it carries with it 
considerable economic advantages to the user, which apart altogether from other 
considerations is attracting increasing numbers of bullock-carb operators to 
pneumatic equipment. 

The chief objections to pneumatio equipment are (i) The high initial cost 
of the equipment and {«) The inability of the bullock carter to maintain properly 
pneumatio equipment. The high initial coat of pneumatic equipment is undoub- 
tedly a serious drawback, although it should be pointed out that when expressed - 
as a rate per maund of pay load capacity, the cost of the indigenous bullock-cart 
and the pneumatic-equipped bullock-cart is approximately the same — that of a 
complete cart on pneumatio tyres ranging from Es. 200/- to Bs. 250/-. It is, 
however, not always necessai'y that new carts be purchased as existing carts are 
readily convertible, and in many oases it is possible by re-arrangement or -ex- 
tension of side supports to increase satisfactorily the cubic capacity of the vehicle. 
In such an event the cost of complete conversion ranges from Es. 150/- toffs. 
200/- per cart. This cost is admittedly high, and at present the adoption of pneu- 
matic equipment is necessarily confined to those builook-cart users with capitalor 
such others as are associated with capital in soma way. 


The problem of bringing pneumatic equipment within the reach of the 
general carter should not. however, be insoluble. The general adoption of it 
would effect enormous economies in road upkeep costs, mean increased earnings 
or reduced transport costs to bullock-cart users, and considerable business to the 
equipment manufacturers. It should not, therefore, prove impossible to find 
some way of bringing these three interests together in a financial scheme to 
render change-over to pneumatic equipment possible. 

The second main objection, viz., the ability of the ordinary carter to main- 
tain properly a set of pneumatic equipment, undoubtedly gives cause for mis- 
giving, It may be remarked, however, that the risk of puncture is slight and the 
incidence of punctures is probably considerably rarer than that of broken wheels 
etc., of the ordinary type of cart. The same difficulties regarding maintenance 
must have been encountered when the motor bus W'as first introduced, and time 
and experience will most certainly cure this disability. 


... ^ case of motor traffic, adequate service arrangements would be 

1 ^ 1 ^ closely the development of the use of pneumatic equipment by 

bullock- carts. 


Except for the pneumatio tyre, no other form of rubber tyre has been 
satisfactorily produced for use on bullock-carts— although considerable research 
.'Tdihiv tf.,. f “ determine the practicability of a solid or cushion 

nhSnMoa t bullock-carls. There are, however, technical and manufacturing 

riUe to OTorSmr ““ 
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If the pi-esenl: enormous cost of the destruction caused by the bullock- 
cart traffic is to be reduced in any way, it would seem of necessity to be by 
way of the pneumatic tyre, and there would thus appear to be a good case for 
further enquiry into possible ways and means of promoting the use of pneumatic 
equipment for bullook-oarls. 


DISCUSSIONS ON PAPER No. 3G. 

Mr. J. P. Anderson Mr, Cliairman and Gentlemen, — I would like, if I 
may, to make one or two brief remarks in regard to this paper. The author 
has pointed out that any proposed improvements in Bullock Cart Equipment 
must carry with it a powerful economic incentive to its adoption if it is to have 
any real chance of success. In other words, unless the Improved Equipment 
offered can dohnilely be made to pay from the Bullock Carter's point of view, 
there would seem to bo little liopo of any largo scale conversion unless by enor- 
, mously expensive subsidy schemes. Therefore, in considering ways and means 
of improving the Bullock Cart it is useful to distinguish between the various 
classes of Bullock Cart Trafilo. There are, for instance, vast numbers of bullock 
carta operated in circumstances that render thorn practically immune from eco- 
noraio attack. I refer to the hundreds of thousands of village carts engaged only 
in seasonal transport of local produce from villago to village, whilst, during the 
remainder of the year, men and animals are employed in ploughing, irrigation, 
tbrosbing, etc, 

A largo proportion of such carts are not fitted with Iron Tyres, and, to a 
large extent, operate mostly over village roads. 

Another class of Bullock Cart Traffic is that wliich has come about as the 
result of the increasing growtli of money-crops, such ns Sugar Cane, Cotton, Jute, 
etc., involving transport from over a wide area to a centrally located Mill or 
Press. Owing to it.s associntiou with Capital and the pressure of competitive 
production, thi.s class of rural Animal transport is more open to economic consi- 
derations. 

There nro other categories, but I think you will agree with me that the 
most important class of Bullock Cart Traffic, from the Road Engineer’s point of 
view, that is the class causing most damage to road surfaces — the Public Enemy 
No. 1 — Roads — is the heavily-loaded Iron Tyred Cart of the professional Bullock 
Cart Operator, plying in largo numbers — increasing numbers in many Districts — 
in and around and between the Tovms and Cities of this Land. 

In general this typo of regular Bullock Cart Operator is definitely open to 
economic pressure, and if Improved Bullock Cart Equipment, enabling carting 
earnings'to bo increased and expenses reduced, is introduced to him it must, in 
the natuvo of things, prevail in the end over the obsolete and less efficient 
type of Equipment. 

Unfortunately, although the Improved Pneumatic Equipment, described by 
the author in tijis Paper, provides the requisite increase in the Pay-load efficiency, 
there are .still many ohslaolos to bo overcome before the pressure of the econo- 
mic advantages inherent in the Improved Equipment can make themselves felt. 

There are the difficulties of Introduction, — the inertia and, sometimes, op- 
position that has to ho overcome, and the extreme poverty of many Bullook 
Cart Operators. There are Legal difficulties arising from obsolete or inadequate 
laws governing maximum permissablo Pay-loads, which, in many ar’eas, prevent 
any economic advantage being taken of any reduction of Draught that the use of 
Improved Equipment may provide. 
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Much could undoubtedly be done to encourage the spread of the use of 
Pneumatic Equipment amongst the professional class of Eullock Cart Operator 
by 

W The suitable amendment of Provincial and Municipal Laws governing 
Permissable Pay Loads on Animal Drawn Vehicles. 

(«■) By Government, Public and Muncipal Authorities setting a good 
example by adopting the Improved type of Cart Equipment them- 
selves through their Contractors. 

{Hi) By the opening of District Board, Canal Bank and other JRoads; at 
present closed to Bullock Carts, to those fitted with Pneumatic 
Tyres. 

Hv) By consideration by Provincial and Municipal Authorities of 
schemes of financial assistance where such are practicable. 

That is all I have to say. I shall be pleased to endeavour to answer any 
questions that may be put. 


Mr. H. B. Farikh (Sind) : — Mr. Chairman and gentlemen. — Mr. Moss has 
done a great service to the Engineers connected with roads by writing a paper 
on the ways and means of improving the bullock cart. • This question has now 
come more in prominence owing to the difiiculties of adopting the economicaf 
types of road construction that will cater both for bullock carts and the fast 
moving motor-traffic, the destroying effects of w'hich are compleinentaiy. 

We in Sind are very much interested in this problem. Sind is veiw back- 
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vUlages** ***** carpenter and Hie blacksmiths available In the outlying 

Such being the case, it is a difficult problem to wipe out these old carts 
altogether and measures must be taken at first, I think, to make the best o£a 
bad job. 

The first slop in the right direction in my opinion is to limit the weight of 
a laden cart and proscribe a minimum width of tyre so as to reduce the pressure 
on the road surface to 400 to 000 pounds per square inch and it is necessary to 
bring round tho public opinion to the necessity of tirescribing the limits by local 
legislation. Some advance may no doubt bo made by discriminatory taxation 
but unless tho saving duo to tlio reducal taxation is likely to move than 
compensate for tho costUer types of carts, tho advance will not lie appreciable. 

In the modern projects sufficient provision is made for bridges on the 
irrigation ohatinols and in the areas aflected iiy them it sliould bo possible to 
introduce better types of carta to achieve tho same end. Our Agricultural 
Engineer Mr. Gumming lias given great thought to tho matter and I would bring 
to tho notice of tlie Congress that lie lias designed a cart suitalilo for agricultural 
use aud loss destructive to road surface. Its capacity is 36 maunds and it is 
provided with iron wheels of 4 feet diametei', self lubi'icaled, and with 5 inches 
wide tyres. The cost of the cart is Rs. 150A. The comparative tests carried 
out at Sakrand Farm showed that with tho Gumming cart there was less sinkago 
aud reduced draught than that with tho Dunlop cart. I have got a drawing of 
the cart and shall bo glad to sliow it to those interested in it. If any more 
details are required I shall bo glad to got them. 

As time passes and tho agriculturists become more prosjierous and educa- 
ted, the rubber tyres may take the place of iron tyres, but at the present stage a 
cheaper cart vvilli wide iron tyres like that designed by Mr. Gumming requiring 
pi'ttctically tho same draught as that for a cart with pneumatic tyros is a better 
proposition from an agriculturist’s point of view and is likely to be more popular. 
Of course tho pneumatic equipment is suitable even now for carts for town use. 

No doubt if the bullock cart users, the pneunuttic equipment manufacturers 
and tho Government or llio local bodies responsible for maintenance of road 
communications could be made to coopemte each sharing the buiden in propor- 
tion to tlie gain obtained by the use of inieumatic tyres, the use of pneumatic 
tyres can lie extended to a certain extent, but T think it will be rather difficult to 
bring about sucli a cooiiemtion in practice. A sulisidy by Government and 
pneumatic tyro maimfnetnrers to tho bullock carl users may possibly result in 
greater use of pneumatic tyros than at j>resenl and 1 think the possibility^ of 
such a coml)ination should be explored to find out if it is feasible. Mr. Gumming 
was taking groat interest in tlie improvement of carts, but I am sorry to learn 
from papers that ho jmssed away after a short illness about a week ago. 

My. P. L. Bowoi’s (Jaipur): — Cliairman and gentlemen, — I congratulate 
!Mr, jMobs on his very well thought out and interesting paper on a subject which 
has given road ongincoro food for thought for many year's. His Excellency yes- 
terday while welcoming us to Luckirow warned us that wo wore expected to 
dolivov tho goods and like tho Israelites of old to get on with our job of niakiug 
bricks. At tho same lime ho informed us that tho supplies of straw in tho shape 
of financial assistance are strictly limited and he further warned us that the 
number of the worst oiiomios to our roods, namoly liullock carts, exerting a mean 
intensive pressure of from 500 to 900 pounds a square inch on our road surfaces. 
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was on the increase. This being so. it is evident that we are caught in a vicious 
circle, increasing loads on our roads more expensive forms of construction and 
limited resoures with which to cope with these increases. To my mind if we are 
going to make any improvement in om- road surfaces we must ask Government 
to provide us with a different blend of straw, a well graded mixture of financial 
aid and legislation, to bring about a decrease in the intensity of pressure on our 
road surfaces. 


There are two ways in which Government can assist. The first of which 
may seem fantastic but nevertheless possible, and one which I, having a certain 
nmn.11 interest in rubber, would welcome, namely the diversion of the Boad Bund 
from road improvement to the betterment of country vehicles, by assisting their 
owners to replace iron tyres by rubber tyres. The second which is probably 
more practicable is the introduction of legislature to reduce the intensity of 
pressure on om* roads to the neighbourhood of 200 pounds per square inch by 
limiting the weights carried by countrj' vehicles in proportion to their effective 
tyre widths. Machinery to effect this would probably have to be provided at 
the expense of the Boad Bund, but as this is a question of all-India importance it 
does not appear to me that there will be any insurmountable difficultj' in doing 
so. The benefit of reducing the pressmre is clearly shown in the State from which 
I come. In Jaipm* where practically ail country tracks are sand, the farmers 
have found by experience that wide tyred carts are the most economical to use. 
T 3 T.'es upto 4 inches width are not uncommon and the average intensity of pres- 
sure between the iron tyres and the road surfaces is probably never greater than 
from 260 to 360 pounds per square inch. Under this pressure on taiTed maca- 
dam roads, the aggregate used for which is ceitainlj' no better than that found in 
Delhi, it is found that the road stands up under intensive traffic from our quarries 
for a considerable number of years with little or no signs of rutting and with only 
small expenditure on surface patching. This to my mind proves conclusively 
that although the general introduction of rubber tyred carts may be the ideal to 
aim for, much irnprovement in road surfaces and reduction in the cost of main- 
tenance and repair can be effected by forcing a gradual increase in tyre widths 
by making the use of narrowed tyred vehicles even less economical to the owners 
than it is at preseut. 


u Mr. G. B. Vaswani (Sind); — I am verj^ glad that this subject has been 
brougjit boioro e body like the Indian Roads Congress. IMany times we gst 
literature from the Dunlop Eubber Company and the Local bodies do not take 
it favorably because it emanates from manufactuiws, who are naturally inte- 
rested m the sale of their own goods. Now it is for the Congress to ‘decide 
whether iron-tyred wheels have a destinctive effect on roads. On om- last ins- 
peotion, which ^-as m Lucknow, we found that the road surface in three-foui-tb 
of the width of the road was all right, whereas the other one-fourth where the 
iron-tyied traffic had been allowed was torn up and was under repairs. We also 
found at Cawi^ore that the cement concrete portion of the road was cut up on 
account of traffic of heavy brick loaded carts. The United Provinces Govem- 
introduced cement concrete roads, costing Es. 22,200/- per mile 
of road. This ^ply ^oyes that the iron-tyred traffic has a very destructive 
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is now our problem as to how we should persuade the drivers of carts to replace 
iron-tyred wheels by pneumatic tj-red wheels. In cities we find that if pneuma- 
tic tyres are introduced, the Society for the Prevention of Cruelty to ATii'mnicj 
comes in. ' According to the pamphlet we find that 50 to GO maund loads can be 
put on a bullock-oart fitted with pneumatic tyres. If we read the scales of the 
Society for the Prevention of Cruelty to Animals, we find tliat they allow 20 
jnaunds for carts fitted with iron-tyrod wheels and 30 niaunds for those fitted 
with pneumatic tyres. If there is only a difference of 10 maunds in the loads 
allowed on pneumatic tj'rcd carts, what then is the use of introducing pneumatic 
tyros ? Thercfora, I suggest that the Council of the Roads Congress should lay 
down a scale of the loads tor carts fitted with iron-tyred and pneumatic tyred 
wheels. The scale of Society for the Prevention of Cruelty to Animals is the 
same for rough roads and asphalted or cement concrete roads. Therefore the 
first stop should be to allow the maximum loads for carts which arc fitted with 
pneumatio-lj'rod wheels. 

Secondly, the Dunlop Company must give tyres on easy payment system. 
If one t 5 To equipment costs Es. 150/- then the cost should bo divided into ten 
instalments of Es. 16/-, which the driver can easily pay. 

Thirdly, the municipalities should be induced to reduce the wheel tax on 
pneumntic-tyTed ciirts. Some municipalities have already taken steps in this 
direction. Therefore if the Council of the Eoads Congress write to all Munici- 
palities asking them to reduce the wheel tax by fifty per cent (or whatever other 
figure they think best) on all pneumatic tyred carts in the interest of road sur- 
face on the ground that it will repay them in the long run by a corresponding 
saving in repairs and maintenance charges on roads, 

These are tho three suggestions which I make for the introduction of pneu- 
matic tjTos, which if adopted by the Roads Congress will greatly holp in their 
adoption by cart-owners. 

Mr. W. A. Eadice : — Mr. President and Gentlemen, — The lust speaker has 
made some most interesting suggestions. In view of the "proposal I have made 
during the business session of this Congress and tho roady acceptance accoixled 
to it by you, I would strongly support tho suggestion that this Congress should 
undertake a rosoarcli into tlie comparative destructiveness of various types of 
bullock cart wheels on various surfaces from say the sandy kutcha roads of Sind 
to tho best modora road surfaces available. 

Bullock carl wheels and tyres vary considerably for example the light 
bullock carts of Bombay have wide fiat tyres ; in Calcutta they have nan-ow 
tjTos of curved section. If there were available to road authorities accurate 
comparative costs of wear and tear dne to these various tyres on various roads 
backed i)y tho Autliorlty of this Congress the framers of bye laws would have an 
easier task in minimizing damage to tho roads ; ijorhaps l)y very simple moans 
imposing no hardsliip on the owmers of carts. 

It appears that oven at this stage there is a general consensus of opinion 
amongst momhers that the general adoption of the pneumatic t 3 T.’o would yield 
considerable benefits to all concenied ; to tho cart ownei*, to the public and to 
those in charge of road maintenance. Seeing Hint practically ovoiybody here 
is nn engineer in charge of road mainlonance and oonstraction it would seem that 
the remedy lies, to n considerable extent, in your o wn hands. Most of you have 

^Minutes of tho Busine.ss Ufoeting of the Third Indian Ronds Congross, Lucknow, 
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in your daily work to let out contracts for the carting of large quantities of road 
materials against sanctioned estimates. It is therefore in your power to encom-- 
age the adoption of pneumatic tyres by showing some preference to tenderers 
„ r.;i«r f;n. vir. g to USB Only carts so fitted. Such a policy might increase costs of 
cartage but it seems reasonable to suppose that once a contractor has equipped 
>, 1 -Tnaa 1 f with the improved carts he will soon see where his advantage lies and 
the financial inducement suggested would soon decrease and most likely even 
disappear. I would venture to guess that if once a carting contractor adopts 
the better tyres and finds an advantage therein, others will not be slow to copy 
his methods. The temporary increase in costs of this educational process would 
soon be amply repaid by decreased maintenance costs. 

Mr. W. L. Murrell (Bihar): — Ohairman and gentlemen, — Years ago I did 
a fair amount of voluntary experimental work in miles 249 and 250 of the Grand 
Trunk Hoad, the series including cement grouts and sand-wiches, tar and bitu- 
men-emulsion grouts, and sealing of water-bound surfaces with tars, bitumen, 
and bitumen-emulsion. The intensity of bullock cart traffic over these experi- 
mental sections was not much, but it quickly showed that the bullock cart 
wheel was complete master of anyone who desired to improve road surfaces. It 
was this experience that led me to suggest in *1930, in ‘ Indian Engineering”, a 
means of tackling this question. The task before the wheel improver is a 
stupendous one, and the following incident is cited as being possibly a typical 
obstacle constituted by the technical ignorance of those whose duty it is to see 
that public money is not wasted. The Manbhum District Board, in their 
special meeting on the 28th March, 1936, actually amended their Bye-law No. 28 
so that the minimum width of tyre might be li inches instead of 2 inches as 
previously. This seems incredible, but it is a simple fact. Apparently the 
members of the Bpai'd were under the impression that, by making the width of 
tyre leas, the weight of the cart and therefore the effort of the poor bullock 
would be decreased. 


Another touch that will interest the engineer is the fact that the revenue 
of the Manbhum District Board depends chiefly on the economic condition of 
the Jharia coalfieds, and incidentally on sales of crude and distilled tar. The 1* 
inch steel tyre would, of course, render utterly impossible the large programme 
of tar sealing that all members of the Board would like to see in their own dis- 
trict if not throughout the rest of the Province. It should perhaps be stated that 
the Manbhum District Board is probably as go-ahead and up-to-date as any 
Board in the Province. It might be mentioned that the Deputy Commissioner 
did his best to point out to the Soar'd the fundamental mistake concerned and, 
in the end, the Inspector of Local Works had to approach Government to prevent 
the amendment having the force of law. 

Bkom this it appears reasonable to form the following two conclusions : — 

(a) The improver of the bullock cart wheel has an almost hopeless task. 

(b) Local bodies should not have the power of making any bye-laws on 

such matters. 


I should like now to remark on the fact that there appears to be only one 
size and t^e of pneumatic bullock cart wheel and axle, and that size is meant 
for fairly heavy loading. I would like to refer t o page 44 of the Proceedings of 

* Review on Paners of the Bombay 

Jtngineering Congress 1929 and something about Road Policy. 
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by either or perhaps inducing, contractors to use only those which 

were fitted with such tyres for the collection of road material. Over a year ago 
I attempted this very thing. We called for tenders for the collection of all 
forms of road material for the whole of one division for a period of four years. 
This was not our usual custom but we extended the period and gave the option 
to tender for the whole division merely , to increase the scope. At the same 
time contractors had the option of tendering for one part of the division only if 
they wished to do so. I had vary roughly worked out — it was impossible to 
work it out exactly— the reasonable extra cost from our point of view, that is to 
say, what we would save in road repairs by the use of rubber-tyred carts, and 
I ms prepared to pay eight annas per 100 cubic feet. We called for tenders, 
and I ftViinV I am right in saying that we only got three, whereas, normally for 
that Hnfl of work we would perhaps get 8, 10 or even more. ^ The amoimt the 
tenderers demanded tor using rubber-tyred carta was approximately Es. 2/- per 
100 cubic feet of material carried. This included collection within the whole 
division and the distance might be anything from two to three miles up to 
perhaps ten. It was mostly for caraiage of kanker from quarries or stone from 
the railway station. This meant that the contractors wanted us to pay not only 
for the whole equipment which they ■would still bo in posse ssion of at the end of 
four years, but also pay them extra for the contract. We could not accept that, 
and we dropped it. This year one man voluntarily offered to bring in kanker on 
pneumatic-tyred carts at some extra rate to be arranged. It was only a small 
contract — I think for 2 miles — and we have actually concluded that contract 
with him for 8 annas per 100 cubic feet extra, ily hope is that if we pursue 
that policy and give preference to contractors who are prepared to use pneu- 
matic-tyred carts, others will come along in due course, and then they will start 
to cut each other’s throat and we shall win. 

Mr. N. Das Gupta;— Mr. Moss’s interesting article is full of valuable in- 
formation regarding relative effects of pneumatic tyred and ordinary steel tyred 
bullock-carts, and it cannot be denied that the latter type of cart causes the 
greatest injury to the roads. Mr. Moss told us that in India there wore 8^ 
million bullock-carts. I, therefore, doubt whether we can totally eliminate from 
our roads the primitive bullock-carts without some legislation that every cart 
carrying over a certain fixed load should be fitted with pneumatic tyres. But I 
would say that such legislation would be clearly uufair. Asking buUock-cart 
owners to fit pneumatic tyres would be like asking tongawalas to run taas. 
But, where is the means for this ? The bullock-cart owners are mostly very 
poor and if they are forced by legislation to fit their carts with pneumatic tyres 
they would perhaps have to give up their profession. So, I say that any legis- 
lation or orders placing such restrictions would be most unfair. We should 
allow every man to earn his bread in his humble way. There is no doubt that 
ordinary bullock-carts cause damage to the roads, but we as engineers 
should build roads that are capable of standing up to all kinds of bullock-cart 
traffic instead of restricting the use of roads by bullock-cart owners. Mr. Dean 
spoke of two strikes by bullook-oart owners which took place in Delhi/ - This 
18 inevitable whan the question of earning of bread is concerned. 

^ Before concluding I would like to tell you that I am not opposed to 
improvements and I should be glad to see all the bullock-carts in India fitted 
.with ^eumatic tyres, but we must not introduce any measures which will 
bnng hardship on the poor bullock-cart owners. 

. Sondhi (Pqnjab); — Mr. Chairman, I join with the previous speaker 

m admiring the excellent paper written by Mr. Moss. The figure for the 



89 


desfcruofciye eEfect of buUock-carfcs on roads which he has obtained from Delhi 
experiments, is said to he Es. 57/- per annum for every mile of daily travel of a 
cart, i.e., Es. 5,700/- per annum for 100 local carts, vide page 76. In the early part 
of the paper it is said that there were 8| million carta according to 1930 Census. 
Of course, all of them do not ply on our metalled roads, but I think I am correct 
if I say that at least one per cent are using our metalled roads. If the figures for 
destructive effect quoted above were taken as correct then the cost of damage 
done by bullock-carts would amount to crores of rupees. We must admit that 
our metal roads in spite of the destructive effect of the iron-tyred bullock-carts 
on the road are not generally deteriorating to that extent. So there must be 
something wrong with the figures arrived at, and 1 hope the autlior will 
enlighten us on this point. 

Mr. J. P. Anderson -As many of the questions asked have already been 
answered by other speakers, I proiiose to deal, in detail, only with those 
remaining. ' 

The gentleman from Sind, whose name I did not catch, spoke of Mr. 
Cummings’ carts. One of tliem is here at Lucknow on show at the Exhibition 
and I have had a look at it. It possesses all the disadvantages which wide 
iron-wheeled carts do possess. When I saw it — which was a week or two after 
its arrival — the wheels, which have Iron Tyres about inches to 4 inches 
wide, had already flattened in several plaeoss. It can bo imagined what would 
be the result of using that cart for a year or two over rough roads. I have 
personally seen no wide iron-tyred wheel, which can be economically produced 
and which would stand up to really hard work. They can, of course, be made 
but only at great expense. A year or two ago, I had experience of a fleet of 
carts, in Ceylon, fitted with wide Iron-Tj'red wheels, built in America, and used 
on a Copra Plantation. These wheels were of a very good typo but even then 
proved enormously expensive to maintain. Tliey had a tyre about 4 inches 
wide and every year or so every wheel had to be entirely rebuilt. This fleet of 
carts was subsequently converted to Pneumatic Tyres entirely for reasons of 
economic maintenance. 

Another point made in favour of the wide Iron-Tyred wheel Equipment, 
advocated by the Karachi speaker, was the cheaper cost as compared wdth 
Pneumatic Equipment. The cost of the Wide Iron-Tyred Equipment was 
stated to be Es. 160/-. These statements of comparative costs are, however, 
sometimes misleading. A cart fabricated in a Government Industrial or Agricultu- 
ral workshop may only cost Es. 150/-, but, in comparing this cost with that 
of an article commercially produced and marketed, allowance should be made for 
the fact that the price of the Pneumatic Equipped Cart includes normal over- 
head production expenses and provision for marketing costs and distribution 
expenses, trade discounts, and commissions, etc., and a margin of profit. I 
merely mention this point although I do not know if, in the case in question, 
these factor’s have been taken into consideration. 

i^other delegate from Jaipur, whose name I also did not catch, advocated 
legislation to reduce, compulsorily, the loads at present being carried by Bullock- 
Carts. ^My own view is that anything of that nature would be regarded as 
causing hardship” to the poor carter, and would likely cause riots and commo- 
tion in many places. 

Mr. Vaswani asked if Pneumatic Equipment could not ha made available 
for purchas^n the instalment system. Hire Purchase Facilities are already 
available. He also suggested that much could be done to encourage the adop- 
. tion of Pneumatic Equipment by Municipalities reducing the Wheel Tax on 
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Mr. J. P. Anderson The inoidenoe. of punofcuves in these tyres is very 
rare, although a lot of botlier is soraetimoa experienced in the early stages of intro- 
duction from malicious punctures caused by individuals who are hostile to the 
idea of this Equipment. 

A Member ; — What is the cost of replacing tyres ? 

Mr. J. P. Anderson ^The cost of replacement varies from Ss. 15/- to 
Rs. 60/-, according to the size of the tyre. 

Mr. Sondhi asked about the figures quoted on page 76 of the Paper. These 
were derived from the October 1935 number of the magazine "Indian Roads". 

Chairman: — 1 think the amount of discussion on this paper has shown 
that it is the most important we have had. I am not going to say much because 
it has already taken a lot of time. We appear to be up against a big tiling if we 
want to introduce a better type of wheel, and f do not think that anyone will 
deny that it will be an improvement in equipment. But we have got to face the 
finanoial side and the opposition which may be expected due chiefly to ignorance 
of the cart owner. That is a matter of time. I think that Colonel Haig’s 
experience is vary encouraging. I think perhaps the best thing as far as we are 
concerned is that the Congress agree to leave it to the Council to inquire into 
this matter and by next meeting put up some form of I'esolution which should 
he the opinion of the Congress and which could be broadcast ns suggestions for 
hastening- this matter. In the meanwhile there is of course nothing to prevent 
the people from doing the best they can. It will bake time, bub it will want a 
lot of pushing. 

1 couclude by thanking Mr. Moss and his spokesman very much for the 
very able paper and the interesting discussion which it has evoked, 


CORRESPONDENCE. 

I. Further comments made by Mr. W. L. Murrell, by correspondeuce, on the Paper. 

Mr. Anderson's reply that there are so many different sizes and types of 
pneumatic tyre equipment available in India quite devastated me. 1 would 
apologise for exposing my ignorance except that such exposure may have a good 
result. 

Conversation with other members of the Congress showed that many of us 
were unaware of the degree of variation of pneumatic equipment available 
in India. 

Thera is a fairly general opinion that vigorous propaganda is required if 
the rubber is to replace the steel tyre to any appreciable extent within reason- 
able time. 

II. Further Comments made by Mr. F. L. Bowers (Jaipur) by correspondence. 

With reference to the remarks I made during discussion on Mr. Moss’s 
Paper No.36, on the subject of "Ways & means of Improving the Bullock carts”, 
I forgot to mention that there is a third way in which Government could assist 
in a more rapid replacement of iron tyres by rubber tyres and that is by example. 

I do not know whathor rubber tyres would be practicable for use with guns, 
but I see no reason why Limbers G. S. Wagons and A. T. Oarts should not be fur- 
nished with rubber tyres instead of iron ones as at present. I understand that 
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during recent operations on the Frontier A. T. Carts could not be used on account 
of the damage done by them to the newly constructed gravel surface roads and 
that only pack and motor transport was permissible If this is so the substitution 
of rubber tyres for iron tyres on all forma of Military Transport appears to be 

desirable. 


Ohaihman : — Colonel G. B. Sopwith. 
Chairmaii : — call upon Mr. Mitchell to introduce his paper. 
The following paper was then taken as read . 


Paper No. 39 

OPTIMUM WEIGHT OB ‘VEHICLES ON EXTRA 
MUNICIPAL RO.ADS. 

By 

K. G. Mitchell, G.I.E.. 

Co 7 isulting Engineer to the Governnient of Iiidici 


When motor transport first appeared in India it was limited to a relatively 
small number of private cars mainly used in towns ; and did not greatly affect 
the roads of the country. In the last ten or twelve years, however, the number 
of cars, buses and lorries has greatly increased. Bor a time there was consider- 
able deterioration of roads or largely increased expenditure on maintenance. 
The latter when it was possible was only short lived because of the general 
financial depression and for a time roads were a niglit-maro alike to those res- 
ponsible for them and those that had to use them. 

Then followed a certain amount of I'e-constriiction, of surface treatment 
with tar and bitumen as a result of which about fi.ciOO miles out of the total 
milage of the metalled roads in India has now a dust-proof and more durable 
surface. At the same time by unremitting care and attention to the proper 
renewal of waterbound macadam deterioration has been arrested on the remain- 
ing milage and some recovery of condition has been effected without any great 
increase in the provision for maintenance. But this improvement or arrest of 
deterioration has been brought about under traffic condition which as regards 
nature, unit loads and speeds are temporarily stable. Any great increase, for 
instance, in the number, unit weight or speed of buses and lorries would preci- 
pitate another crisis in that some of the improved surfaces of the lighter and 
cheaper type (and we must look to these for wider spread improvement) would 
be destroyed and the maintenance of waterbound macadam, Kankar etc,, would 
become impossible. Such a development would he a disaster to all concerned 
and to Motor Transport interests in particular. 

^1^0 numbers of vehicles cannot be controlled to any great extent and road 
engineers naturally welcome increased volume of traffic which enhances the 
public service value of the roads for which they are responsible. The control of 
speeds is a difficult matter. There remains the question of unit loads and 
whether these can in fact be controlled in the interest of all concerned ; whether 
in fact there is not for general conditions of India an optimum weight which 
will serve the needs of rural transport without unduly destroying the roads ; 
what that weight should be ; and whether vehicles can or should be restricted by 
law to that weight. 
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This question was raisetl as long ago as 1931 in "Indian Roads” (No. 1. 
July 1931). It did not then attract the attention it deserved and nothing 
happened. Porbunabely, however, there has since than been no marked tendency 
for the weights of vehicles to increase and no great harm has bean done by the 
delay. The question has now been raised again — this time by a committee of 
the Transport Advisory Council — and the subject of this paper is bo elicit the 
opinion of the Congress as a body entitled to apeak on behalf of Engineers 
responsible for roads. Any opinion expressed by the Congress will be given due 
weight whan the matter is further considered and the writer ventures to hope, 
therefore, that members will give the matter due consideration not only from 
their own particular angle as road providers but also from their observation of 
the trend and needs of rural transport and their knowledge of the resources 
available to provide funds for roads. 

It may be alleged that in this matter the Government of each Province 
or State can wall look after its own interests. Ultimately of course these 
Governments will have to impose any control that may seem good to them. But 
in the general interest of trade and the free movement of transport it is suggested 
that, if conditions do not vary greatly, uniformity is desirable. 

It is hoped that from the discussion of this paper, and possibly by a 
resolution of the Congress, it wilt be made clear how far conditions permit of 
genei'al uniformity. 

An examination of the present tendencies regarding the manufacture of 
motor “trucks” i.e., bus and lorry chassis affords evidence of what we may 
expect to have to provide for on Indian roads in the near future. The biggest ‘ 
producers of motor trucks being the United States and Canada and a very large 
percentage of the trucks used in India being imported from those countries, 
their out-put in recent years should indicate tiie vehicle which ia most commonly 
used. The following table shows by “capacity” the out-turn of motor trucks in 
tl«o United States and Canada during recent years. No figures are available 
later tluin 1933.* 


TABLE I 


Class of trucks 
by capacity. 

'■ 1923 

1926 

1929 


1931 

1932 

1933 

Per 
' cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Per- 

cent. 

Per 

cent. 

3/4 ton or less 

1 16.5 

17.8 

17.1 

24.0 

25.2 

32.3 

27.6 

1 ton to tons 

i 67.7 

62.4 

9.5 

0.2 

l.l 

0.6 

0.2 

tons to 2 tons 

* 5.6 

8.4 

63.4 

61.7 

66.6 

58.8 

63.7 

2 tons to 2^- tons 

3.5 

3.6 

3.4 

2.7 

2.0 

3.1 

4.4 

2^ tons to 3^ tons 

mm 

3.8 

4.1 

3.8 

2.7 

2.4 

2.9 

3-^ tons to 5 tons 

;■ 1.6 

1.0 

1.0 

1.0 

1.0 

l.l 

0.8 

5 tons 

1 i.i 

1.6 

0.3 


0.2 

0.6 

0.2 

Over S tons and special... 

1 '■“! 

1.9 

1.2 

J.4 

1.2 

1.1 

. 0.9 


’l*rigiire.‘i for the years 1934 and 1935 which became available before these Pro- 
ceedings were printed, will be found under the head “Covre-spondence.” 

I “Pacts and Figures of the Automobile Industry” 1983-.31, U.S. National 
Chamber of Commerce. 
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From these figures it ■would be seen that the most popular trucks are 
those of 1^ tons and 2 tons capacity, and that since 1923, about ninety per 
cent of the requirements of the United States, Canada and the countries getting 
their supplies from them have been met by vehicles of 2 tons capacity or under. 
It may he supposed that of the vehicles of over two tons capacity" a large 
proportion are used within restricted areas for Industrial purposes and it may, 
therefore, be safely assumed that nearly 95 per cent of vehicles generally used 
on extra-municipal roads are of two tons capacity or less. We may consequently 
conclude that for general business and agricultural purposes light trucks, below 
two tons capacity satisfy the needs of motor transport. Hence, for the purpose 
of motor vehicle regulation it would cause no great hardship to prohibit the use 
on extra-municipal roads of all vehicles of a laden weight in excess of 5 tons. 
The capacity of such vehicles would be between 2 to 2^ tons. This would 
mean a static axle load of nearly 3^ tons. 


The increase due to impact is vei-j' variable depending upon the roughness 
of the surface, the speed and tyres of the vehicle. According to impact tests 
made by United States Bureau of Public Boads, the increase in static wheei 
load due to a fall of J inch at normal speeds is about 80 per cent.* This is 
generally taken as the probable impact on w'ell maintained roads. Making this 
allowance, the peak axle load of a 2^ ton capacity vehicle would be nearly 
tons or say, 1,4000 pounds. This is probably the maximum that waterbound 
or surface treated macadam can be expected to carry with reasonable mainte- 
nance. This type of surface will continue for many years to he the more com- 
mon type of Indian road construction. It seems, therefore, tlmt for extra- 
municipal roads, vehicles having a laden weight upto u tons or even less will 
suffice and be a reasonable compromise between wliat the roads can carry, what 
the transport industry requires, and incidentally what the revenues of the 
country can afford for road maintenance. If use of all the roads l)y unrestrict- 
ed heavy motor vehicles is allowed there might be a slight reduction in haulage 
costs hut the increase in the initial cost of road construction and maintenance 
would be out of all proportion to this and the real cost, i.e„ operating charges 
of motor transport plus cost of roads would he greatly enhanced. 


^The question of speed and tyres was also discussed at some length iu the 
first issue of Indian Roads” (July 1931) and it is not necessary to I'epeat what 
was then proposed. These, it was suggested, should he regulated as below:-— 


Registered laden w'eight of vehicle, 


(j) Not Exceeding 6,500 lbs. 

(ii) Exceeding 6,500 lbs. hut not 

exceeding 8,000 lbs. ... ■ 

{Hi) Exceeding 8,000 lb.s but not 
exceeding 10,500 lbs 
iiv) Exceeding 10,500 lbs. but not ’ ’ 
exceeding 17,000 lbs. ... I 

(u) Exceeding 17,000 lbs. I 


Speed in miles per hour of a 
vehicle liiiv ing 


pneumatic tyres ! Resilient tyre on 
on all wheels. j any wheel. 


35 


15 


30 

20 


15 

10 


15 

12 


10 

10 


Bonney'^4tli*Etfn*j!* ' ^■'Sh'way Engineers hand-book'’ by Hurger and 
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Provided fchafc in the case of a rigid frame six wheeled vehicle, the registered 
laden weight of which exceeds 8,000 lbs. the permissible weight shall be 15 
per cent, in excess of that above specihed. 

In the case of every motor vehicle or trailer fitted with a I’esilient tyre on 
any wheel or wheels, the width of every resilient tyre should be such that the 
weight transmitted to the road by any one wheel should not exceed the 
following : — 



Weight transmitted to surface per 
inch width of tyro, i.e , total weight 
in pounds on any wheel divided by 
tiie widths of tlie tyre or aggregate 
widths of the tyros on that wheel 
in inches to the nearest half inch. 

(f) If the width does not exceed 4 inches 

450 pounds. 

(«■) If the width exceeds 4 inches hut 
does not exceed 5 inches 

475 ,. 

{Hi) If the width exceeds 5 inches but 
does not exceed 6 inches 

500 ,. 

{iv) If the width exceeds 6 inches but 
does not exceed 7 inches 

520 „ 

(u) If the width exceeds 7 inches but 

does not exceed 8 inches ... ^ 

640 „ 

{vi) If the width exceeds 8 indies 

560 „ 


The opinion of the Congress is desired on the question of a general limita- 
tion of the gross weiglit of vehicles which should be allowed on extra-municipal 
roads in general. Its opinion on the other points will be of great value. 


DISCUSSIONS ON PAPER No. 39. 

Mr. K. G. Mitchell (Author) : — I only want to say that this Paper has been 
sketchily and hastily put together in order to elicit opinion. I expect in a body 
of scientifically minded people to be criticised for dealing with this subject in such 
an imperfect manner. I would like liowever to suggest.to yon the way in which 
this question has arisen and placed against its proper background. The’ 
laud transport system of India has during the last hundred years been 
greatly improved. Formerly there were no i-ailways, the population was 
possibly about 60 per cent of what it is now and people were not accus- 
tomed to travel. The villages were self-contained and relied on subsistence 
farming. They exported nothing and imported practically nothing. During 
these hundred years the population has increased, people have got into 
the habit of travelling and railways have created an incentive to grow 
money-crops in the place of subsistence farming. A very recent instance of this 
is sugar refining which has been referred to this afternoon. The cane which was 
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formerly crushed in villages — and ifc is grown now in vei-y much larger quantity — 
is now brought to mills at some distance from the villages and is carried mostly 
on roads. Only a small part can be transported to mills by rail. There has been 
progress ip the construction of metalled roads during the last 90 years. During 
the last ten years the need for improving these roads to meet the sudden increase 
of motor traffic has been greatly felt. The total milage of such roads was already 
inadequate to meet the needs of the country when motor transport came along 
and definitely put a stop to the extension of milage of metalled roads by 
increasing the maintenance cost of those in existence and using available 
money for that and for necessary reconstruction of the pre-existing milage. 
Wa now apply much of our time to discussing how to save the existing 
milage from destruction caused by this increase of and new traffic. To use a war 
term we are trying to “ consolidate " our position. In some provinces the thing 
has almost come under control, but in others it has not. More money has got 
to be found for reconstruction and maintenance. This is all with motor trans- 
port of a certain unit weight. The point is that if for any reason the user of 
mechanical transport makes up his mind to use lorries of greater capacity the 
damage to roads will be still greater and the tax-payer will have to bear the 
burden of maintaining and again reconstructing them at great cost, the vicious 
circle will continue and the extension of road system to which we look forward 
will be indefinitely postponed. It seems, therefore, from the point of view of 
India as a whole that it would be a good thing if the existing road system could 
be maintained at the present level of cost and gradually improved so that we 
may at the same time be able to extend it to serve larger areas. I do not sug- 
gest any arbitrary limit of weight but I do say tlmt it would be no great hard- 
ship to keep things as they are and possibly the Congress could adopt some 

resolutionstatingitsopimon.if itisoftheview, thatin the interest of other 

road users and tax-payers and of people who would like to have roads to use, 
there should be some limit imposed for the pres-..^ on the use of the roads by 
heavy motor vehicles for the benefit of a small number of people. 

and Gentlemen,— I consider that Mr. 
nm-mSd excellent Paper and I feel tliat the limitation of loads 

peimitted on the roads is a vital one of very far reaching import. 

I think vehicles should be limited. 

I r^lTtTd^ « bound to arise might 

^11™ ^ wLll the axle loads, or better 

still, the wheel loads be the loadings to which limitations might be imposed. 

Standard This Congress has adopted the 

da?d ComSttea lfnnL <>^0 Eoad Bridge Stan- 
tion lays down axle t deal with the question. This specifica- 

under discussion Wh (•« erably higher than the proposed restrictions 
tion of axle or wheal ^ j decision regarding the proposed limita- 

beg of yon^ofcTo save our roads. I earnestly 

of at least 60 years ^d onee^it ha?h loadings. A bridge has a life 

strengthened to maat fViano- been constructed it cannot be improved or 
urengcnened to meet changmg conditions as readily as a road surface oau. 

roads will^have^ccasbnally^to c in rural areas, the 

boilers, heavy eastings etc Th« J special loads m the shape of machinery, 

vehicles once in a wfy will not hm’-H '^“■ndled at slow speeds in special 

such loads the development of surfaces, but if the bridges cannot pass 

with. An excellent ex^mnle of seriously interferred 

road roller. ^ what I have in mind is the familiar mechanical 
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Mr. W. L. Murrell (Bihar) Mr, Chaii-man and Gentlemen,— On the 
question of laden weight my comments will be very brief. Mr. Mitchell proposes 
a maximum laden weight of the vehicle of 5 tons, but might I suggest that the 
axle and not the vehicle should be taken as the unit ? If axle load be the cri- 
terion, I would like to suggest that the optimum load should take account of 
pneumatic tyred six-wheeler commercial and military lorries of 8 tons laden 
weight. But it is on the question of speed that I ask you to fix your attention. 
Mr. Mitchell points out that we are on the brink of a crisis which may be preci- 
pitated by a general increase of speed, weight, or quantity and he appears to 
leave the question of speed by stating that the control of speed is a difficult 
matter. Might I point out that, with thousands of low-priced six and eight 
cylinder motor vehicles pouring into this country for the last three years, the 
general increase of speed is already on us. In the "'journal “Ijjdian Engineering” 

1 once described an experiment on governing about oO lorries plying for hire over 
a period of two years in 1928 and 1929, and I would state now and with confi- 
dence that, with improved speed governors and a strong body like the Indian 
Boads Congress to suggest the necessary legislation and institution of road 
patrols, the problem should not now be so very difficult. It never was impos- 
sible. During the past two or three years a new factor has redoubled the 
importance of the consideration of speed on water-bound macadam and ^-avel 
roads. This factor is the greatly increased width of the pneumatic eyre. 
The sucking action of .a pneumatic tyre is a direct measure of the degree of 
vacuum at the point where rotating tyre is leaving the road surface after 
contact, and this degree is more or less directly proportional to tyre width, 
curvature (in the sense 1/B) and the square of the speed. It is this sucking 
action that weakens water-bound macadam and gravel by causing the movement 
of water or blinder particles within it. And worse still, the weakening occurs 
just at the time when the point oonoemed is subject to the heavy horizental 
driving thrust from the vehicle, which thrust is the cause of road corrugation. 
I submit that, with increased and increasing tyre width and speed, the factor 
Width into Square of speed is as threatening to water-bound macadam as tbs 
indigenous bullock cart wheel is to any higher form of road surface. Or, so long 
as bullock cart wheels make it uneconomical to have higher types of surface 
than water-bound macadam or gravel, speed over such surfaces should be 
controlled. Doubtless the use of twin tyres in lieu of single super-baloons would 
be an improvement. Before closing my remarks I would like to cite an 
incident concerning loading which occurred recently in Bihar. Seeing that the 
Hazaribagh District Board were to discuss a proposal on November 21, 1936 
for a bye-law to permit of a fine of Es. 10 for exceeding the advertised safe load 
on any bridge or culvert, I suggested to the Board that the fine limit be raised 
to Es. 100 and the offender be liable also to pay for all damage done. The 
Board decided on the Es. 100 limit but had to reduce it as the Local Self 
Government Act provided Es, 50 as the maximum penalty for infringing a 
bye-law made by a district board. It seems obvious that such legislation 
should "be centralized. 

Mr, D. E, Gough:— Mr, Chairman and Gentlemen,— The first and main 
question raised by Mr. Mitchell’s Paper is this : Is a uniform maximum laden 
weight for motor vehicles on rural roads throughout India desirable ? 

I submit that the key to the reply to be given by this Congress is 
contained in the second paragraph on page 9 3 of Mr. Mitchell’s Paper, where it is 

* "Indian Engineering ’’ for 2nd, 9th, and 16th August 1930. 

“ Notes on the Eoads of Cousin India and on Engineers, Policemen, Deputy 
Commissioners, and Governors.'' 
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suggested that uniformity is only desirable if cmditims do not vary greatly. 

Those of you who have travelled throughout India will be the first to 
admit that probably in no other country in the world do the types of country 
met with, the road making materials employed, and the conditions of extra 
municipal roads already in existence, vary so greatly as they do in India. This 
being so, it naturally follows that a uniform maximum for the whole of India is 
not desirable. 

Neither would it be economically advantageous. There is a vast milage of 
roadway in existence in India which has been built for and is fully capable of 
carrying greater maximum loads than o tons. Is the money which has been 
spent in preparing these roads, building the bridges etc., to be wasted by probi* 
biting larger and probably more economical transport from running on them ? 
Consider for a moment a similar proposal in connexion with a railway system. 
Would any traSio manager dream of prohibiting the use of his heaviest locomo- 
tives over the main lines of the system, because the minor or branch lines were 
incapable of carrying any but light locomotives ? 

The adoption of a uniform maximum weight will remove vehicles above 
that weight from roads which are capable of carryiTig them, but will not of it- 
self provide any more roads to carry vehicles up to that maximum weight, nor 
will it raise tlie standard of all existing rural roads up to that maximum. It is 
for these reasons that I heartily support tlie Indian Boads and Transport 
Development Association’s counter proposal that, instead of fixing a maximum 
weight for vehicles, the Central Government should recommend all Local 
Governments to construct or improve rural roads to be capable of carrying a 
uniform minimum weight. The Central Government could insist upon this in 
the case of projects financed from the Bond Fund. 

Mr. Itlitchell produces statistics and other evidence to justify bis 
conclusion that the “30 hundredweight" class of vehicio satisfies the needs of 
rural motor transport in this country and that regulations prohibiting the use of 
larger vehicles would therefore involve no luirdsliip. If tliis is really the case, 
where is the necessity for imposing such regulations ? For tlie operator knows 
as well as anyone what his needs are and will surely purchase accordingly. 
Actually I am afraid that the Government are aware that in tlio normal course 
of events there will be a tendency, common to other countries, towards the 
operation of heavier vehicles as being tbo typo which is the most economical 
and which the country's agriculture and commerce require. Ouo has only to 
look back over the last half century to see that the trend has been for larger 
and lieavier vehicles to be employed in all forms of mechanical transport, e.g., 
ships, railways, tramways, aircraft. I suggest it is economically unsound to 
check this natural progress, provided road maintenance costs can be kept 
down by other means. 

Please do not think for a moment that I am proposing that a ' vehicle 
should be allowed to run in excess of a road’s capabilities. The more important 
factors causing damage to rural roads are bullock cart traillc, climatic conditions, 
weight and speed of motor vehicles. There is no need for me to enlarge upon 
the appalling damage done to rural roads by bullock cart trafiio. Yet there is 
no suggestion to limit the weight of these vehicles. As to motor traffic, I do not 
believe that any road engineer would care to say that the weight of a properly 
loaded heavy motor vehicio, moving at a reasonable speed, fitted with suitable 
pneumatic^ tyres, provided also that ib does not exceed what the bridges and 
culverts will carry, does any appreciable damage. On the contrary in regular 
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sen’ioe it may even improve a road surface. Speed is by far the more important 
factor in connexion with road damage. For example I would even suggest that 
a pneumatic-tyred truck weighing four tons, travelling at 50 miles an hour, is 
likely to be doing more harm to a water-bound macadam road than one weighing 
8 tons and travelling at So miles an hour. Yet the proposal is to prohibit 
trucks above two ton carrying capacity which form a negligible percentage of 
present day motor transport, while allowing the 30 hundred weight and two- 
ton trucks and buses which prohably form 90 per cent of those on the roads to 
run at uncontrolled speeds and so cause very serious damage to roads. I submit 
that Government would be doing a greater service to roads by controlling speeds 
of all commercial vehicles to reasonable limits, rather than prohibiting some 
from the roads altogether. 

lilr. Mitchell’s Paper has been written on the assumption that speeds are 
difficult to control. Has the Government of India or any Provincial Government 
carried out tests of the speed governors at present on the market and in general 
use in most civilized countries ? If not, I suggest that would be a very good 
thing to do, l)ecauae it would show them that speeds can be satisfactorily cont- 
rolled with advantages not only in saving of road maintenance costs hut also to 
the truck owners in longer vehicle-life and improved petrol consumption. Many 
Bntish manufacturers of motor trucks fit speed governors as standard equipment, 
and I am sura they would not do this if they felt that the governors were not 
efficient. The governors ace so designed that they can be sealed and it is not 
possible to tamper with the setting without breaking the seal. If brought into 
general use in India, tampering with settings would, I am sure, become infre- 
quent provided that the first few oases discovered were severely dealt with. 

While opposing the proposal for an all-India weight restriction, I agree, of 
course, that local authorities must lay down weight limits according to circum- 
stances. It is here that tliia Congress can serve a useful purpose by suggesting 
the basis upon which regulations on the subject should he laid down. To begin 
with, in fi-xing weight limits for the purpose of saving damage to road surface, 
it is unscientific to base the regulations on gross vehicle laden weight alone. The 
limits in the case of pneumatic tyred vehicles should be according to axle load 
or better still to wheel load. Dual rear wheels namely, 4 wheels per axle, sliould 
be allowed to transmit a greater axle load than single rear wheels, and no wheel 
loading should bo allowed to exceed the loading guaranteed by the tyre manufac- 
turers. A fault that I find with the paper is that it takes^ no account of the 
important development in the use of low pressure tyre for distributing the load 
and so reducing road damage. I suggest that this might be taken into considera- 
tion when fixing allowable axle or wheel loads. Tlie last part of Mr. Mitchell’s 
Paper deals with the conditions for the use of resilient tyred vehicles. I am sure 
we must all be agreed that the less these are used on rural roads the better, and 
therefore we should welcome any reasonable regulations \yhich would discourage 
this rapidly disappearing type from using our extra municipal roads. Lastly I 
would suggest that there should l)e a classification of roads throughout India to 
definite standards and we should have road maps prepared on the lines of those 
published for Ceylon, so that transport owners can tell at a glance what weight 
of transport can be opei'ated over various roaris. 

Mr. V. S. Srinivasa Raghava Aohariyar (Madras): W'c have some troubles 
about me increase of the weight of lorries. I iie popular buses iu South Into 
are twenty-soaters and they weigh about four tons gross load, while the 
popnlav lorries vary from fivo fcona to oighfc tons, except the Diesel lorries which 
- weigh four tons. As there ia no control over their speeds or routes, or the 
margin of excess over their pay loads as recognized by the makers, the lorries 
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damage tHe roads more than the buses. From the requirement of South India, 
I would recommend for the consideration of the Congress that the maximum 
weight of lorries should be limited to four tons ; that these lorries should have 
dual wheels on the rear axle ; that their speeds should be limited to 15 miles 
per hour that they should be resti’ioted to trunk and marketing roads and other 
metalled roads in each district, that there should be no difference between 
private lorries and those for hire in their taxation — and tliat heavier vehicles 
over five tons gross weight should be localized in municipal and industi’ial areas. 
I have got a list made out of the names of transport motor vehicles which are 
popular in South India. These are Ford, Chevrolet, Eeo, Bedford and Mercades 
Diesel lorries which arc able to carry three tons of pay load. 

Lt. Col. W. de H. Haig (United Provinces) : — Mr. Mitchell’s suggestion, I 
think, is that in order to avoid possible rapid deterioration of roads owing to a 
great increase in the number of heavy motor vehicles, restriction in some form 
or other should be applied : but there is one aspect of this qu 0 .stion which has 
not been touched on. 

If this Congress makes a reeommendatiion to the Government of India that 
restriction in some form should be applied to motor vehicles, and if we do not 
make any recommendation in regard to bullock carts, it seems to me that people 
will think — “Here is a body which is supposed to know all about roads and the 
destructive effect of vehicles and they have recommended restrictions on 
motor vehicles but have made no mention of bullock carts. Evidently they 
think that bullock carts do no damage’’. Therefore, if we consider it necessary 
to make recommendations regarding bullock carts we sliould also include bullock 
carts. 

In connection with a previous paper (Paper No. 36) several speakers 
pointed out the difficulties in the way of introducing legislation imposing res- 
trictions on bullock carts but I do not consider that that means we should 
refrain from making any recommendation merely because there are difficulties in 
giving effect to them. Our recoin meadations in respect of motors may be ac- 
cepted and thooe regarding bullock carts refused but the absence of any such 
recommendation inight be read as meaning that the Congress does not think that 
rosti’ictions are necessary in their case. 

Mr. Arifuddiu (Hyderabad): — Mr. Chairman and Gentlemen, — With regard 
to Mr. Mitchell’s paper I want to say that in Hyderabad we have already got 
legislation limiting load and speed on mooram and metal roads. I w'as a member 
of the Committee appointed to consider the question. I do nob remember the 
limits we fixed, bub I shall send a copy of the rules to the Secretary of this 
Congress for consideration by the Council of this Congress. For mooram and 
earth road we do nob allow a bus or lorry weighing more than three and a half 
tons, as we found that heavy lorries play havoc with mooram in scooping out 
the soil by suction action and also by removing the soil by friction. On metal 
road although the pressure of even heavy lorries per square inch of the tyre in 
contact with road is nob excessive, but the impact on the road is a factor which 
cannot be ignored. We know how waves are formed by even light traffic. 
Whan heavy weight lorries are used, and particularly of uniform w'heel base, the 
effect on the metal road should be much more than that of light buses. For 
these reasons it is highly advisable to determine and limit speed and load on 
metal and mooram roads. It is highly essential that the speed must also be 
limited. Mr. Mitchell proposes 35 miles as the permissible limit of speed, for 
lorries between 6500 and .SOOO pounds. In my opinion this should not be more 
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than 30 miles. , Even light lomes weighing between 2 to 3 tons should have a 
speed limit. I found in Hyderabad that mooram or sand used as blindage is 
blown away much sooner when the width of the tyre is greater and also when 
the speed is higher, The former requires greater maintenance expenditure. If 
blinding is not properly looked after, the auction action dislodges the pieces of 
metal and spoils the road. 

Majoi' W. B, Whishaw (M.E.S.) : — In this paper statistics are quoted 
from a boob by Harger and Bonney. I therefore take the opportunity of reading 
one paragraph from the same book which is of some interest in this connexion. 

'‘Occasional extremely heavy loads far above the normal vehicle load are 
not disastrous to the macadam typo, as this type of road is more or less self- 
healing and knits together again under rolling or well-distributed normal load 
traflic : that is, macadam roads can be safely designed for the nomal maximum 
vehicle load." 

This paper shows that there has been no very great tendency in America for 
the heavy vohiole to develop in any quantity, and I think that in India this 
tendency svould probably be less; since India is a less highly developed country 
and the benefits to bo derived from large motor vehicles are very much less. 

I therefore suggest that our present roads will be able to carry the small 
number of heavy motor vehicles that are likely to come on to them. 

, Mr. E. L. Soudhi (Punjab):— Mr. President and Gentlemen,--! congratulate 
Mr. Mitchell on his very excellent Paper. The author has not enlightened us on 
the point as to whether any laws restricting the bus or lorry limits heavier than 
six tons on the lines fore-shadowed by him for application to this country, exist 
in America and Europe. It appears that no such restrictions exist there, and if 
the economic needs of these places could automatically bring about a balanced 
state of affairs there should be no cause for anxiety in che case of India. The 
table at page 93 of the paper shows that the manufacture of trucks of five tons 
and over capacity is hardly 1 per cent of the total manufacture, and the plying 
of such units on the roads in those countries would be an exception ratber than 
the rule. The industrial development of those countries is much ahead of ours, 
and if without applying any restrictive laws the heavier type of trucks do not 
make extensive appearance there we need not consider the problem, at least at 
this stage. If the economic trend in transportation automatically boils down to 
the extensive use of two-ton trucks, one would not see the advisability of 
recommending restrictive traffic laws. Why irabate the road users out of whom 
ultimately funds for the maintenance, construotion and development of roads are 
obtained? While suggesting that this Congress should not agree to the limiting 
of maximum capacity for trucks, it should agree to the excellent suggestion of 
Mr, Mitchell that the widths of tyres should be such that the weight transmitted 
to the road by one wheel should not exceed certain reasonable limits ; and further 
that the speed of vehicles should be regulated. I would, therefore, suggest that 
instead of asking us to lay down a maximum weight for a vehicle, which after all 
is a matter for the user and not the engineer who has to administer to the needs 
of the former, ratber than regulate his movemeuts, it will facilitate our designing 
of roads if instead of unit maximum, loads per square foot of the road surface are 
specified. 

Mr, N. Daa Gupta:— Mr. Chairman and Gentlemen,— I would like to know 
from Mr. Mitoliell whether trunk roads fell under the category of extra municipal 
roads. If so. I think the limit of two-ton lorries is rather on the low side. I do 
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not oncoutragd I'oad-i'ail compotibioa, but I like to say that the tailways ate not 
always the best means oE transport and so the roads are gaining popularity for 
transporting goods over a reasonable distance. We can load our consignments 
right from one godown and deliver it at the other godown directly. But if we 
wore to send the goods by train, we had to carry it to the nearest railway 
station and book it there. It would take several days for the goods train to 
come and deliver the goods at the other end. Then, again, cartage on the goods 
will have to be paid. So, there is delay and higher cost in railvray transport 
over relatively small distances. In such cases the goods can be delivered much 
quicker by roads. For these reasons the road transport is gaining ever-increas- 
ing popularity. If we now put a limit to the vehicles as two tons, this form of 
transport will be no longer economical. Unfortunately, in Mr. Mitchell’s pajjer 
wo do not get any figui-es for the outturn of motor tracks in the United States 
and Canada after 1933,'’ as these figures were not available. I believe during the 
past three years more changes have taken 2 fiace than that between 1923 to 
1933, and wo would not wonder if we find the amount of 2 — 2^ tons or 2i — 3^ 
tons as 63.7 per cent in 1936. I do not think that time has yet come when we 
should be eager to put a limit on motor tracks and lorries. For the present we 
can only watch the development of road transport and its effects on our roads. 
This useful form of transport should not be nipped in the bud. 

Mr. E. A. Nadirshah (Bombay): — Mr. Gough appears to be against 
any restriction to be put on the Aveight of vehicles. I would like to know 
what he proposes to do to remove existing I’estriction in certain provinces 
where restrictions already exist in some places. For instance, in Bombay Presi- 
dency there are such restrictions and heavy loi’ries are not allowed over certain 
Boads. If such restrictions do exist in certain in'ovinces would it not be 
advisable to have a general uniform weight restriction in all the provinces of 
India? I may be permitted to make it clear that nobody would favour _ 
restrictions in AVeight carried by vehicles as by doing so the groAvth of a 
particular industry is curtailed but if we are compelled to choose between No 
Eestriction in Aveight and Bad Eoads” and "fairly good Koads Avith certain 
restrictions”, I Avould accept the latter proposition. I agree Avith a former 
speaker (Col : Haig) Avho said that when we impose restriction on motor vehicles 
Ave should also do that in the case of bullock carts etc. This is a sound 
argument, but a majority of bullock carts are used by agriculturists who are 
very poor people and form 80 per cent of India’s population. These people 
cannot afford to equip their carts Avith pneumatic tyres. I suggest therefore 
'that instead of restricting Aveight carried by Bullock carts a legislation may be 
introduced for abolishing all taxes on bullock carts fitted with pneumatic tyres. 
Such a legislation Avould induce the agriculturists to equip their carts Avith 
pneumatic out-fit and at the same time the destructive effect of iron tyred 
Avheels on road surface Avill be greatly reduced and the desired effect will be 
produced Avithout any opposition. 

Mr. K. G. Mitchell (Author): — I Avill endeavour to reply to the points 
u u speakers as far as possible, but if I fail to do so in any ease I 

shall be glad to answer any queries afterwards. I quite agree with Mr. Eadice 
that eventually if any form of restriction is introduced it might Avell he on the 
basis of axle load or on the basis of load on the tyre. I merely put a 
prehmmary p-oiiosal in a general Avay in accordance with present conditions of 
wheeled vehicles of more or less uniform type. I quite agree 
with him that the design of a bridge has a life of 60 years and we should not 
uesign bridges m accordance with any temporary restricted loads. 


ProccediivS^worft 193-1 and 1935 Avhicb became available before 

i. roccedmaS Avere printed, aviII be fouud under the head “Oorrespondeuce”. 



103 


. 4^ regards speed various people have had a good deal to say about that. 
It 18 satisfactory to find agreement that speed is a most important factor 
that a serious attempt to control it must be made. Mr, Murrell and various 
other speakers have referred to speed and speed governors. We have been 
discussing the use oC governors in the Transport Advisory Council, and there 
have been many difficulties and objections raised. We have asked the Indian 
Stores Department to get hold of a number of speed governors available on the 
market, and to let us know whether there is a satisfactory governor for Indian 
conditions. I do not propose to say more about that until we receive their 
report. If satisfactory governors can be found they will be used. A 
representative from Bihar ^not Mr. Murrell) once told us that speed governors 
should be discouraged because they are dangerous, his expression being that a 
driver driving a vehicle fitted with a speed governor never takes off his foot from 
the accelerator and always drives at say 35 miles per hour because that is 
allowed by the governor and must therefore be legal. That and other objections 
to the introduction of speed governors have been raised more than once. 

Mr. Gough started by saying that uniformity is not desirable. I should 
have thought that from every point of view uniformity is desirable unless motor 
vehicles are to be unduly localised. Mr. Gough said that there are thousands of 
miles of roads in India which have been improved at great expense and should be 
capable of carrying very much heavier loads tlian the loads mentioned in my 
Paper, and that if they are not than we— I mean the people who have been res- 
ponsible far spending that money — have wasted it in a scandalous manner. What 
is the actual position ? Assuming that there are 75,000 miles of extra municipal 
roads, 1 suggest that only eight percent of the total has been so improved and 
made capable of carrying much heavier loads than the rest. That eight per cent 
is not distributed in one uniform length. It is scattered about in isolated 
lengths here and there where the intensity of total traffic — there are after all 
other road users than motor transport — has made improvement necessary. We 
do not want to have unnecessary restrictions, but in the present state of deve- 
lopment of transport in India, I cannot think that there is any road which has a 
uniformly high efficient surface for a very great distance. I wish some one 
from the Punjab or N, W. P. P. had spoken because it is only there that there 
are continuous lengths of improved road. The road from Delhi to Khyber 
Pass is all I believe tar but even there some limit of load is presumably neces- 
sary. Elsewhere adjustment of lead permitted to the nature of road surface is 
not a practical proposition, Mr. Gough also said that heavier motor 
vehicles if run at slow speed do little or no damage. I have no quarrel with 
that, but there is difficulty of restricting speed, and I have said in my Paper 
that occasional heavier loads would be allowed subject to speed restriction. 
There is however a possibility that a sudden increase of vehicles very much 
greater in weight than we have at present, handled by the same class of people 
who use vehicles now would do damage because they would not maintain any 
speed governors or would put the governors out of action. 

There was a question put to me'. "Why have the Government of India not 
adopted the practice of other civilised or semi-civilised countries and investigated 
speed governors”? I have already replied to them. But would like to add that 
India imports her motor vehicles from civilised countries and they generally 
come with the standard equipment required in those countries. Where are the 
governors which it is suggested those countries require as standard ? 

■ Mr, Baghava Aohariyar wants the load to be restricted, to 4-tons and speed 
jio 16 miles an hopr, Thfit is going ve^ much further than I had contemplated. 
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Col. Haig’s remark that the Congress should advocate control of loads and 
tyres of bullock carts, and not merely refer to the loading of motor vehicles is 
very important. 1 agree that people might draw a wrong inference if both 
these kinds of vehicles are not mentioned together in any recommendation the 
Congress may make. I said at the beginning that if the Congress wished to 
record its opinion on this paper it might perhaps do so in the form of a resolu- 
tion. Wa have referred the previous p.‘iper on bullock-carts — c.j?.* whether there 
is prospect of anything being possible to restriot iron tyred bullock-carts — to the 
Council with the suggestion that it should put up a resolution for consideration 
next year, .ind the same might be done in this case. 

I have been unable to turn up the quotation from Harger and Bonnoy 
which Major Whishaw made hut a ])ossihlu explanation is that the authors refer 
to bituiniuous and Tar macadam as being more usual in America than water 
bound. I do not think that any one could say tliat water bound macadam 
under Indian conditions is “self-healing" or knits together again under normal 
traOic. 

Mr. Sondhi asked Avlmthor there are any laws in England and United 
States regarding load. No laws there may he in England would apply here 
because tho roads avo totally dilVeront I do not think that there is much puint 
in saying that wo propose to I'cstrict in a manner which is not done by other 
countries. But it should bo a matter of reason to restrict the growth of heavy 
transport to loads which you cannot carry without reconstructing roads you 
have already with dillioulty improved. There is already legislation about speed 
and load restrictions in Hyderabad wo are told. 

Mr. Nadir Shah emphasized tho desirability of reasonable uniformity. I 
agree with him. 

There was one speaker who expressed his iiroferenco for road transport 
over railways. That question docs not arise here. The object of ray Paper is 
only to suggest that in order to save existing rural roads from destruction by 
the ever-increasing traflio of heavy motor lorries, some restriction should bo 
imposed so long as wo are unable to extend tho road system where it is so 
greatly needed. 

One member objected to imposing any restriction on carta bocauso most 
of them are agricultui-!il carts. Our Delhi Census showed that if you could 
eliminate steel tyred carts wliioh are used l>y professional cartmen nob for their 
agricultural purposes but as a business you would do away with something like 
75 per cent of the steel tyred carts which do greatest damage to the roads. 
Agricultural carts proper often have no iron byres. 

I would like to say that if the Congress agrees, the subject matter of my 
PajDer could be considered by the Council and reported on next .year. 

Chairman : — Gentlemen, I congratulate Mr. Mitchell on his interesting 
Paper which has produced extremely interesting discussion. Mr. Mitchell 
has dealt with almost all tlie points raised by speakers. There was one speaker, 
Mr. Pass Gupta, who mentioned a point which he could not answer and which 
seems to me to have considerable beoi’ing on the subject Mr. Dass Gupta said 
that the table on page 93 only gave figures up to 1933 and he thought that since 
then the proportion of heavier vehicles in the United States of America bad 
doubled. It would be a good thing if we could get figures for the years sub- 
sequent to 1933. 

Cn behalf of the Congress I offer hearty thanks to the author of the 
Paper. 
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The following further comments have been made by Ur, W. I. Hunell 
by correspondence. 

It is a great pity that tlio mechanical governing of lorries has been 
“crabbed" by a previous delegate, especially as ho had no practical hand in the 
experiment. 

It is interesting to learn that the Technical Sub-Coinmittoo of Congress 
will examino a number of contrivances tor the control of speed. 

If it will help the Sub-Committeo, 1 would lilro to stress the point that 
what may prove the best speed governor for one sot of eonditions will not be 
the best for another set. 

Happily, there are broadly speaking only two sots of conditions. 

Tlio first is where the vehicle has to run through sandy unbridged cross- 
ings or on steep winding roads whero visibility is poor and high torque is 
essential at low speeds. 

Under such eonditions governing must only bo attempted by adopting a 
mechanism depending on the speed of tbo back wlicols. 

The other set of conditions is much easier, and is the more frequently met 
with, l^aivly good roads with not very long or steep inolinos and no unbridged 
crossings need only tho much simpler type of governor which fits on to the gas 
induction system and is mechanically entirely independent of tbo back axle or 
driving shaft. 

I would liko to point out that it will not bo of much use laying down 
legal load maxima if there are no motor patrols with portable weighing machines 
to check up on tho roadside. 

Granted such patrols, it is suggested that they would be better employed 
in checking up speeds, examining governor soals, and keeping a watch for stolen 
cars, cars and lorries plying illegally, and so on. 

Editorial note Tho table printed on page 03 of Mr. Mitohell’s Paper 
gives tho liguros for truck production in tlie United States and Canada upto 
tho year 1033. The following figures for tiie years 1031 and 1035 have since been 
communicated by Lt. Colonel H.O. Smith as desired by Colonel G. E. Sopwitb 
during tho course of discussion on tho Paper. 


Truck producliaii hj capacities— per cent. United Slates and Canada. 


1 

Glass of Truck j 

1934 

1935 

•'{ton or less 

28.6 

34,1 

1 ton and less tlian le tons 

0.4 

0,3 

ij- ton and less than 2 tons 

62.9 

57.0 

2 ton and less than 2'^ ions 

4.3 

4.0 

2i ton and loss than 8-^ tons 

1.9 

1.4 

' 3i- ton and less than u tons 

0.8 

' 0.5 

5 ton 

0.2 

1 

Over 5 ton and special typos 

0.9 

mm 
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Third day— Wednesday, February 24, 1937. 

Oiiaiuman Mr. S. Bashiratn. 


Chairmau: — I call upon Mr. Datta bo introduco his Paper on “Economy 
and Developments of Bonded Brick Ooncrete roads, plain and roinforced." 

The following Paper was then taken as read. 


Paper No. 3S, 


ECONOMY AND DEVELOPMENTS OE BONDED BRICK 
CONCRETE ROADS, PLAIN AND REINFORCED, 

By 

.•1. K. Datta, B.E., G.E., M.I.E. [Iml) , 2i[.A.E., 
Gonsullhicj Etujineer and blaster BuiUler. 


The latest economical dovolopmont in the domain of cement concrete 
road is the “Bonded Brick Coucreto Road, plain and reinforced. 

1. Bonded Brick Goncrete Hoads (B. B. C .) — Bonded brick concrete with 
the cement concrete surfacing produces sound and economical concrete road 
where the subgrade is of bricks down below, with which the surface concrete 
is inter-bonded, by extending nbs of coucreto into the joints, between the 
bricks. A thin concrete facing, say li to 2 inches thick, when laid on 
ordinary waterbound macadam road, usually cracks and breaks up under 
heavy traffic but when the same thin layer of concrete is intorbonded with a 
layer of bricks, it stands the traffic quite satisfactorily. Bricks, concrete at 
the joints and the top concrete, all work together as one mass. The upper 
concrete surfacing is never separated from tho lower brickwork as the concrete 
keys prevent separation between the two. Figure 1, is an illustration. 

Figure 1. 



This is called Bonded Brick Concrete Road as bricks and concrete are 
interbonded together. 

2. Bein/orced Brick Concrete (li. B. C ) — This bonded brick concrete can 
be used either plain without reinforcement or with reinforcement. The 
reinforcement is used sometimes at the bottom only, sometimes at top 
and in some oases both at bottom and at top. Tho latest American practice 
is to use reinforcement at top only (in cases of concrete roads) at about 2" 
below tho top surface. Figure 2 is an illustration of an R. B. 0. road. 


Figure 2. 


f- /CEMENT CONCRETE. 


REINFQRceMENTS. 
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3. B.B.O. <C B.B.G. tviih boiidiny bricks with cayiV/es.'— •Pui'lihai' iiivesfciga- 
fclon. has shown fchafc tlia bondinc,' between the upper concrete and lower 
brickwork is increased by the use o£ suocial bonding bricks wish cavities, such 
as, lO'* Xo” X‘l'\vith two cavities 2'^X2"X2'*. ^Figure 3 ia an illustration. 

Figure 3. 



Those have been tried in actual construction with satisfaction and suooess. 
They are as ollicient ns all-concrots roads. 

Cement concrote as a road material has stood the test of time and heavy 
trailic. Of all road, materials it is supposed to bo the host. It provides in one, 
a strong foundation with a hard wearing surface. A properly constructed 
concrete road surface will outwear anything also known. Concrete roads are 
making headway in all countries of the world now for these reasons. The 
U.S..\. has already laid 100,000 milos of concrete roads. Canada, Britain and 
other countrios uro also making a headway in such roads. In India also good 
concrete roads have been constructed at Benares, Calcutta, Moghul Serai, 
Unao, Allahabad, Lucknow, Hyderabad, Cawnporo, Bombay. Madras and in 
many other places. 

Good concrete roads last vory long and require vary little maintenance cost ; 
the surface is smooth and not slippery and is ideal for a rapid drive. 

Tho initial heavy outlay in cost in concrete road construotion is retarding 
its growth iu India. Tho total milage of concrete roads in India is only about 
100 miles though wu have got moro than 50,000 miles of pucua roads and moi*e 
thau 100,000 miles of kutcha roads. The rate of progress of couorete roads in 
U.S.A. is about 10,000 miles a year, for tho last few years whereas in India the 
total milago iu all those years is about 100 miles only. In India tho price of 
cement is very high as compared to U.S.A. and Britain. The price in India is 
about Bs. 50/- per ton, whereas in U.S..\. and Britain it is Bs. 25/- per ton i.e,, 
only half and in concrote roads the main cost is iu cement. In a 6''^ cement 
concrete road (l : 2 ; 4 projjortion) of 20 ft. width the amount of cement required 
per mile is 20X5280 @ 9 bags per 100 sft. =9504 bags. Taking the cost of 
cement @ Bs. 50/- per ton, tho cost of 9504 bags “Es. 23,760/-. Tho cost of 
concrete road will bo per mile between Bs. 50.000/- to Es. 60,000/-. A water- 
bound macadam road can bo laid within Es. 20,000/ - only in Mulfussil towns. 
Tho excessive initial cost is the main reason why cement eoncrete road is not 
making a headway iu India. Tho Concrete Association of India (or the Cement 
Marketing Co , of India) who possess a monopoly for the sale of Indian cements 
in India fix up tho price of Indian cements. Foreign cements under heavy tariff 
duty cannot sell in India at a cheap rate, Combined with these facts the 
railway freights in- India are abnormally high and increase greatly the costs of 
cements. If the Cement Marketing Co., reduce the price of cement and the 
Sailways reduce the freight for cements used in road construction, the cost of 
cement can easily bo reduced considerably say to Bs. 25/- or so per ton 
and concrote rdad can make a headway in India. Tho cost of Japanese 
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comehbs oxcludiug tariff duty como3 bolow Rs. 23/- per ton. 

In order to liavo u wide application of uoucretu roads in India it is 
imperative to reduce initial cost without impairing tiie btrengtbi efficiency 
and wearing capaoities of tho same. 

Attempts have been made to use a thin layer of uomont conurulo say lA" 
to 2" thick on a waterbound road metal surface by bonding tbc same witi) tlic 
subgrado by making a few cavities in tho subgrado at regular intervals. This 
arrangement is a make-shift one as tho main feature of the transverse strength 
of the concrete road surface is not possessed by the tliiu <:onci‘e’'.e surfacing. 
It is suitable as a wearing surface only like asphalt etc. un a hard road bed. 
If there bo any scttloraent in the road hed due to heavy traffic tlio surfacing 
will break up. That has happened in some of the trials with tliin surkiciug 
of tho concreto at Muzaffarpur, Bombay. Calcutta, ecc. Thus the necessity 
comes in to keep the full depth of tho concrete road with the concrete wearing 
surface. 

In Bonded Brick Concreto road, plain and reinforced tlm full depth is 
retained. For ozamplo a i-V' concrete road will bo replaced l»y iV* B. B. C. road. 

Figure 4. Figure 5. 


Figure 6. Figure 7. 



Figures 4 & 5 are sections of ‘iV' cement concrete and lV‘ Bonded Brick 
Concrete roads. 

Figures 6 & 7 are sections of 4i" E. C. and R. B. C. roads. 


Tho cost of concreto roads has been considerably reduced by introducing 
bricks, a cheap material, in tho lower part of the concrete, tho concrete at top 
taking all the wear and tear. 

The cost of 4^" comoat concrete of proportion (1:2:4) per 100 stj. ft, works 
out as follows : — 


Stone ckips-84 eft. (fij Rs. 40/- 


per 100 eft. 

= Rs. 

13 10 0 

Sand-17 eft. 0 Rs. 15/- per 100 eft. 

= Rs. 

2 8 0 

Cement-Oil bags ® Rs. 2/8/- por bag. 

= Rs. 

10 14 0 

Labour. 

= Rs. 

3 G 0 

Cost por 100 sft. 

= Rs. 

36 6 0 

Cost per 100 eft. 

= Rs. 

97 0 0 
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Whereas the cost of 4^" B. B. 0. with ]0"X6"X 3" bricks — 1|" apart with 
li" cqncrafce on top works out to ; — 

Bricks — 200 @ Ks. 18/- per 1000 including laying =Es. 3 10 0 

Concrete in joints and on top — 21 eft. (f? Es. 97/- 

per 100 ctt. =R8. 20 6 0 

= Es. 24 0 0 

The comparison shows that the cost of 4^" cement concrete works out to 
Es. 36/6 per 100 sft. whereas 4^" Bonded Brick Concrete costs only Es. 24/- 
i.e., about 2/3rds the coat of the concrete. The greater is the quantity of bricks 
inside the concrete the greater will be the saving in cost. It is clear on the very 
face that when we introduce a material as bricks worth Es. 15/- to Es. 20/- per 
iOO eft. inside the concrete, a material worth Es. 80/- to Es. 100/- per 100 eft. 
very great economy is effected in the resultant bonded brick concrete structure. 

The actual construction of Bonded Brick Concrete roads, both plain 
and reinforced, has proved that tiiia form of consbi-uction produces very, sound, 
durable and economical concrete roads. These roads are equally eflieient like all 
concrete roads but are much las.s costly. When the cost of maintenance is taken 
into consideration they are probably cheaper than any other kind of road construe- 
tion now in use in India. 

1. I started laying a length of 700 ft. of 6" B. B. C., road in May 1930, 
at Yehiapur Eoad, Allahabad, 5” E. B. C., was made by combining 3" deep 
bricks (9" X 4|" X 3") with 2" top concrete and joints between the bricks. 
Eeinfovoements used were i" dia. rods 6" apart along the length of the road and 
10^" apart crosswise (sea fig. ^). The proportion of concrete was 1:2:3 with 
Sankargarh sand atone ballast. The work was done according to .author's direc- 
tions by Allahabad Municipality and Jfessrs. Alackenzies Ltd. of Bombay were 
the contractors. The work in 1936 is in a satisfactory condition. Thus six 
years have already passed. A very large volume of rain water finds its w'ay out 
into the Jumna from that road. So whenever there is a very heavy shower 
water flows over the road surface to a depth of about 2 ft. or so with 
gi’eat velocity. formerly water-bound macadam was used every year .and 
that was washed out by the rushing water dui’ing heavy rains, The road as 
constructed at present is quite satisfactory. Except at some expansion joiitts 
between the slabs there had been no other damage. Those joints had been 
repaired with asphalt concrete. It is to be noted that upper concrete has not 
separated from the lower brickwork and the whole thing has wmrked like one 
mass of h" depth. 

Figure 8. 



Expansion joints were used every 16 feet apart and the surface was 
treated with soda silicate (1 in 4) wash. There liad been soma cracks at 
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the middle of the slabs wliicli had been repaired with asphalt. The subgrade 
was old road bed and that was in many places ordinary earth and in some 
places old road metal. Ordinary common Allahabad bricks — 9''X4i''X3'* were 
used. The cost was Bs. 42/l2/-p9r 100 aft. , 

In April 1932, the Chief Engineer, P. W. D., Bengal, tried some experi- 
mental lengths of 6'* E. B. 0., 6'* B. B. 0. and 6'^ R. B. A. 0. roads at the 6th 
mile of Calcutta-Jessora Road (just near Belgachia railway overbridge). The 
present conditions of those Calcutta Roads in June 1936, is perfectly 
satisfactory — just like 7" .all-conci’oto road laid from Belgachia Tram Depot 
upto that place. Wooden sign-boards had been fixed against each experi- 
mental length and they can ho inspected now. 

In the.se cases lO" X Q" x i" bonding bricks had been used. 

5. Exjieriment No. 1 — 6‘" li.B.C. 

4" thick bricks with top 2" concrete and 2" joints between the bricks 
filled up with the same concrete. 

Reinforcements — 3/8“ dia. rods — 7“ apart along length and 12 ' apart 
crosswise — placed 1" above bottom. 

Proportion of concrete — 1 : : 3 (Pakur stone ballast — to gauge used). 

Expansion joints — 30 feet apart. 

Surface treatment— 3 coats of soda silicate wash 1 in 4 (after 3 weeks of 
setting). 

Width of slab — 18 feet. 

In this experiment, reinforcement had been used at the bottom and not 
at the top. The slab has stood quite satisfactorily for the last 4 years without 
any sign of deterioration. 

Present condition of the road is ideal (June. 1936). Figure 9 shows the 
section. 

. Figure 9. 



'I'liere are no cracUi in t.he slab ami ilu-ie ii.ul l)eeii no trouble., wbatso- 
ever in the aame. Its behaviour is ju»i like :ui all-concrete slab. The top 
surface being cement concrete it cannot be distinguished from an all-concrete 
slab. In outside appearance both E. G. and E. B. C roads are quite similar. 
(Sea details in Plate No. E/ 1.) 

Note— E.=Reinforced, B==Borided, B=Briek, ('^Concrete, A=AsphaU. ^ 
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3. Experiment 2fo. g — 6" B3.0. road. 

Pai'iiiculai’s same as experiment No, 1. (See Plate No. R/1). No reinforce- 
ments used. •" 

Bricks' kid break-joiatcd crosswise with 2" joints between them. ('See 
Pig. 10.) 

Figoie 10. 

Section along road. 

<CEM. coN.( i:iVa:3) 



Length of slab — 30 ft. 

Preparation of bed old road bed scarified and regraded. 

Constmoted — April, 1932. 

Present condition — (June 1936} quite satisfactory. 

Two fine expansion cracks developed which had been patched up with 
asphalt. 

It is to be noted that in this case no reinforcement had been used whereas 
in the first experiment reinforcement had been used. Both the slabs are stand- 
ing quite satisfactorily. In this slab two fine cracks developed whereas in the 
other no cracks developed. It appears that the reinforcing rods prevented the 
appearance of cracks in the first slab, otherwise there is no difference between 
che two. 

■i. Experiment No. 3 — 0" B.B.A.O. {Reinforced Brickioork Asphalt 

Concrete). 

4" It.B.C. at bottom with 2" grouted asphalt concrete surfacing. (See 
Plate No. E/1). 

Here particulars of the lower 4" E.B.O. is like experiment No. 1 and the 
2“ of the cavities of the bonding bricks had bean filled up w'ith grouted asphalt 
concrete. 

-•l.sphalt u.sed — 17 lbs, per sq. yd. (See Fig. 11.) 

Figure 11. 
er R. B. A. C. 
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Gonsiil’uoiied in April 1932. 

Present condition (June, 1936) — Excellent. 

This experiment showed that a Bonded Asphalt Concrete surfacing on a 
B. B. C., foundation makes an excellent road. The foundation and the surfacing 
worked together as one mass. 

5. In 1933, Municipal Engineer, Benares, tried a B. B. G.', surfacing 
in the Water Works Main Boad of the Benares Municipality. 

Here the proportion of concrete used was — 1 : 2 : 4 with stone ballast and 
Gaya sand. 

Area covered — 761 sq. yds. 

Cost— Bs. 1633-11-6. 

Cost per sq. yd.=E3. 2-2-4. 

Here reinforcing rods were used at the edges only and not in the central 

part. 

Expansion joint — 30 ft. to 36 ft. apart. 

Constructed — 1933. 

Present condition in June 1936 — ^Excellent (See Fig. 12). 


Figure 12. 



It is to be noted here that in concrete roads the edges are usually made 
thicker than the central part. For 6" concrete road the edges are made 9” 
thick. For a 5" concrete road the edges are made 7" thick. (Sea Fig. 13.) 


Figure 13. 



In the present case instead of thickening the edges a little reinforcement 
had been provided and the road is standing for the last three years quite 
satisfactorily. 

6. In August 1933 another road was constructed at Benares at Nepal Baj 
Palace called Eaisar Castle. Hers two course concrete was used. That was a 
5" B. B. C., road. 3" bricks with 1^" joints and 1" top, cement concrete. 
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( 1 : 2 i^; 81 ^) concrete with jhama ballast (which is cheap but not so hard) was 
used at the bottom and the top l''(l;l^:3) was laid with stone ballast. 
Figure 14 shows a section. 

Figure 14, 
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Ohunar sand stone was used in the work. The present condition of the 
road is quite satisfactory. 

The experiment shows that economy in R. B. C. road can be effected by 
using a cheaper ballast with weaker proporsion of concrete below and a richer 
proportion, of concrete with stronger and costlier stone ballast at the top. The 
cost of jhama ballast was Rs. 13/- per 100 eft. whereas the cost of stone ballast 
was about Rs. 30/-pBr 100 eft. So by using jhama ballast concrete of 1 : 2-^: 32 
economy was effected. 

7 & 8 . In 1934, the Chief Engineer, Calcutta Improvement Trust made two 
experimental lengths of 7" R. 13. C, at Jaggannath Gliut Road each 32 ft. long 
and 17 ft. wide. Figurs 15 and Figure 16 are the sections. 

Figure 15. 



Bottom concrete — 1 : 2i: : 35-. 

Top concrete — 1 : 1 : 3. 

Present condition in June 1936 Excellent, 

The sections had been laid along with 7" E. 0 . road. 

It is not possible now to find out which is R. B. 0. and which is E. 0. 
Both have cement concrete facing on the top and look alike. They are standing 
the wear and tear just alike, (See Plates s & Y foi detail.) 
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9. lu Septembev 1934 a 4^" B. B. 0. surfacing was laid on a new road 
bed ab Tolinipara (Bhadreswar Municipality). That was 
with the widening of the Mill Eoad for a length of about oOO ft. That was 
done with 4^-" B. B. 0. with dia. rods 7' apart along leng^bh and apart 
crosswise with the proportion of concrete as 1 : 2^ : 3^ with stono ballast. T e 
present condition of tho road in June 1936, is quite satisfactory. Eiguie 17 is 
a section of tho road. 

Fieure 17. 



10 Hosnital Boad at Barisal was covered with 4i-" E B. C. in April 1934 

using 3“ deep bricks with li" joints with 3/8 dia. rods lla^ apart across cue 
road and dia. rods 6.^' apart along tho road Comont concrete with picked 
jhaina ballast of proportion 1: 2-^ : sl was used in tho joints tbe 

and i" above the bricks and tho ronmining 1 was done with iichei c 
concrete 1 ; U : 3 with hard Pakur stone ballast (-i" gauge and down). P»g. 
shows a section of the road. . 

VM3n\r*a 1Q 



A length of 500 ft. was done with 4=^' C. at a cost of Rs. -/4/5 per sq. 
ft. or Bs. 2/8/- per sq. yd. 

The condition of that road in Juno 1936 is perfectly satisfactory. The 
maintenance cost in these two years was practically ml The municipal super- 
visor informed tho author that the maintenance cost of about 800 ft. of E. B. 0. 
IZr was Es. 5/- only for filling up the expansion joints with tar and pitch. 


11 The Barisal Municipality then laid 4^" E. B. 0. at tho Sadar Boad, 
opposite" Hospital, for a lenghth of about 300 ft. under the same specifications 
at a cost of Es. -/4/6 per sq. ft. That was constructed in December 1934 and 
the present condition in June 1936 is ideal. 

12. A 4^" B. B. 0. road was constructed at Burranagora (North of 
Calcutta) in Bengal Immunity Laboratory Eoads in 1935 with Y dia. rods 
as reinforcements 6^" apart along length and 11-^" apart crosswise. Proportion 
of concrete was 1:2:3. The present condition of tho road in Juno 1936 is 
ideal. In one part of the road there was a depression during construction and 
that was repaired later with another layer of concrete about 4" thick after 
2 days. That repaired concrete did not stand but started peeling off. 
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is. In April 1936i the Collaotoratn Road aii Ruriaal was laid with 4^'* 
E. B. 0. according to the same specification as the Hospital Road of Barisal 
The length of the road was 1500 In. and width 12 ft. 6 in. That is the main 
road from Steamer Station on the river side to tho town. The traffic is the 
heaviest in that part. 

14. Another 4;^" road is now in progro-ss known as llie Chowk Bazar Road. 
The length ol tho road will ho over 2,000 foot and width 12 ft. 6 in. The 
specification is tho same as tliat of Hospitiil Road. The present tender rate as 
accepted by tho Municipality is annas 4 per sq. ft. (Sea Plato s for detail). 

13. In Areadah Municipality a 4" B. B. C. surfacing with 1" dia rods as 
reinforcements was done at Satish Mallick Lane, Areadah. Tho ])roportion of 
concrete was 1:3.4. There is foot trafiic only. Figure 19 is longitudinal section 
of tho road. It is to bo noted that the proportion is 1:3:4. 

Figm'o 19. 

I'*' CEm. con. 1 i 3 ; 4 (CH iPS-i^G a OOWN.I 

T 
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CeM CON. ft!3;4) ^ 

CAOCE OF CK1PS-Vg6 DOWN. 

4 

The present condition of the road in June 193G is eKcellont. 

Tho Chief Engineer, P. W. U , II. P.^ tried a 200 ft. length of 5" B. B. C. 
with 3“ brick 'ivitli li" joints and 2" topping with cement concrete of the 
proportion 1:2:3. No roinforcement was used 4"jbaina ballast was rolled m 
for the subgrado. Expansion joints wore used 20 ft apart. Tho road was cons- 
tructed at tile oud of December 1933. The iircsent condition of tho road in 
June 1936 i.c., after six iiioiiths is quite satisfactory. (Plato No. s shows 
detail). Appendix No. I shows a tabulated statement of Bonded Brick Con- 
croto roads (B, B. 0. and R. B. C.) constructed, with particulars of constructions 
and their present conditions. 

How to wake different depths oj B. B. G. ami It. B C. roads . — Usually 
sizes of common bricks in India arc lO" X o" X 3" and 9" X 4-^" X 3". The former 
sizo is in Bengal and in some other places and the latter size is in Bihar, 
U. P., Punjab etc. 

Wo shall consider 10" X d" X 3" bricks first. 

3" ■— a brick flat. 

4“ = a brick flat and 1" cement concrete. 

44'“ ~ a brick flat and cement concrete. 

5" ~ a brick flat and 3" cement concrete or a brick-ou-edge. 

6" =■■ a brick flat and 3" cement concrete or two bricks flat with 
a mortar joint, or a bvick-on-edgo with l" cement concrete. 

7" --- 2 bricks flat with a mortar joint and 1" cement concrete, 
or a briok-ou-edgo and 3' oomont conorete. 
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8" = 2 bi'icks flat with a mortar joint and 2' coment concrete, 
y" = 2 bricks Hat and 3" cement concrete. 

otc. etc. etc. 

In case o£ 9" X.l.i-''X 3" the different depths of roads can be arranged as 

done above. ^ ,, 

Often it is convenient to burn special bricks as 10 Xo X4 and use the 

same. 

BotidiiiQ Bricks. 

4" depth — a brick fiat 4" deep. 

5" depth 1" brick and 1' cement concrete. 

6" depth 4" brick and 2" cement concrete. 

7" dcptli 1" brick and 3" cement concrete. 

10" X a" X 4" bonding bricks can be manufactured easily at a cost of 

Rs. 14/- or so per 1000 or so. , . ^ ^ j 

Bonding bricks of other shapes and sizes can be manufactured and used m 

B. B. 0. and's. B. 0. roads. 

Plate No. 'i shows B. B. 0. and R. B. C. of different depths. 

2 1 show sections of 5" and 6 B. B. 0. roads. 

Figure 20. 

(5" B. B. C.) ^ » 

/— ICCM. CON. 
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Figure 21. 
(6" B B C.) 



^ 0 I7ie str&^i^tks of B. B 0. and B. C. sloBs witlt tlxc scljhc depZ/ii scLhic 

Vs provoriion of concrete, same age, same reinforcements are the same for 
B G. all practical purposes. Figs. 2-3 and 23 show sections of two R. B. 0. 
and E 0. slabs subjected to bending. In both cases the tensile stresses de- 
veloped are taken by the bottom steel and compressive stresses at top by the 
concrete at top. So theoretically the strength and stiffness should be the same. 
Experiments have shor^n that they are practically the Same. The author’s 
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paper on Comparative study of a.B.. E.B,0, and B.0, had been accepted and 
published by the Institution of Engineers (India). The paper deals with that 
probletQ. 

^ Long series of experiments on reinforced brickwork were conducted by the 
writer between 191G-1922 at Patna New Capital Works and at Benares Hindu 
University construction. The results of these experiments have been published 
in the writer s book on Experimental Eesearches on Beinforced Brickwork". 

In 1917, a very interesting set of experiments on B. B., B. B. C. and E. 0. 
beams under the same conditions of spans, sections, reinforcements, method of 
loading were tested by the author at Patna. These are the experiments Nos. o 
6,7,8 and 9 in page 3 of the aforesaid book. Sea Plate No. for the 
details. 

Eroni experiments 8 and 9 we find that E. E. C. beam is equally stiff 
and strong as E. 0. beam. So their methods of calculation for determining their 
strengths will be similai'. In both cases tension was taken by the steel rods 
at the bottom and maximum compression by the cement concrete at top. 
Comparing experiments Nos, 5 and 7, we find that by using 2 : 1 mortar iu the 
brickwork the strength of E. B. beam was not increased over that with 3:1 
mortar. The results also shoAV that in experiments 5, 6 and 7 the E. B. beam, 
had deflected much more than in experiments 8 and 9 showing thereby that the 
stiffness of E. B. 0. and E. 0. beams is greater than that of E. B. beams. 
"With low percentage of steel the diffei'ence of strength between E. B. and 
E. B. 0. or E. 0. is very small say within o% to 10"o of the strength. On 
working out the stresses in steel and brickwork with the values of modulus 

35 E 

ratio 36 for E. B. aud ^ = 15 for E. C. and B, B. 0, The results are as 
follows : — 





Calculated 

Calculated 

Max. B.kl. 

Expt. 

No. 

Kind 

m 

stress in steel 
at failure — lbs. 

stress in brick- 
work or con- 




per sq. in. 

Crete at failure. 

In-lbs. 

5. 

IBjljll 

36 


890 

172,374 In. lbs. 

6. 


36 


890 

179.376 .. ., 

7. 


36 


855 

172.274 „ 

8 . 


15 


1130 

181.576 

9. 


15 


1150 

184,576 „ „ 


Ou working out the calculated failure stress for these E. B., B. B. C. and 
E. 0. beams we find that the failure tensile stress varied between 48,000 to 
50,000 lbs. per sq. in. 

These experiments clearly prove that witli low peircentage of steel there 
is not much difference between the load bearing capacity of E. B,, E. B. C. and 
B. C. beams and slabs. 

Again referring to experiments 50 and 51 of the same book w'e find 7" 
E. B. 0. Vs. 7 " E. 0, slabs on 12 ft, span with same depths and reinforcements. 

7" E, B. C,= 6" brick plus l" eemept coporete 
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From these loiicls and deflections wo sco that R. B. 0. and E. 0. slabs 
delleoted to the same extent with the same loads and R. G. slab failed with 
58 cwt. whereas II. B. C. failed with ua.i cwt. 


Exnt. 

:4o. 

■ 

Valupti of 

1 in. 

Jinx. B..M. 

Temil. litriMi in stovl 
(calciilutud; 

Comprmtiro Btrext lu 
coucroto 

50 

1 

7“ U. B. C. 



l.bi'. per f(|. iu. 
00,500 

Lbs. per t(i. la. 

1350 

51 

7’B C. 


IH^ 

C4,5CO 

1 

1110 


These results support the statement that E. B. 0. is practically equally 
stiff and strong ns E. 0. slab. For the design work the values of mbdulus 
ratio and safe stress of concrete at top will be taken as the same in both cases. 


Plato No. shows a chart of the load and deflection curves of the com- 
parative experiments on E. B., E. B. 0. and E. C. 

We come to a very important conclusion from these experiments that — 
E. B. 0. and R. 0. possess equal strength and stifiness but E. B. C. is much 
cheaper than E. C. So in order to effect economy in road construction R. B. 0. 
can be safely adopted in the place of E C. For example 6" E. B. C. Vs. 6" R.C,, 
roads-reinforcements — 3/8" dia, apart one way and 11-^'' apart crosswise 

in both cases. Figures 22 and 23 show the sections. 

Figpire 22. 

(fi" B. B. C.) 
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Pignxe 93. 

(6" B. G.) 



Analysing the quantities we find the cost as follows : — 

Per 100. sft. — (Taking Lucknow rates). 

6'' R. B. C. 

Bricks — 200 @ Es. 14/- plus Es. 3/- per 1000 = Es. 8 4 
Cement concrete in joints = 11 eft. ) 29 eft. @ Es. 100/- 
Oement concrete at top =18 eft. ) per 100 eft. = Es. 29.0 

Eeinforcing rods— 1 owt. (Si- Es. 8/- per cwt. = Es. 8.0 


6" E. C. 

Cement concrete =50 eft. @ Es. 100/- per 100 eft. = 
Eods— 1 cwt. @ Bs. 8/- per cwt, == 


Es. 

Es. 

Es. 


40.4 

50/- 

8 /- 


Es. 58/- 

So for the same strength and stiffness 6" E. C. slab will cost Es. 58/- per 
100 sft. whereas O'* E. B. 0. slab will cost only Es. 40.4. There will be a 
saving of about 40% in the cost over E. C, and these roads will stand equally 
well for years. 

Concrete Fs. R B. C. 

Bonded Brick Concrete is the same concrete with bricks introduced into 
the lower part of the concrete. The upper concrete possess the same tensile 
and compressive strengths in both cases. In case of lower part the brick 
and concrete possess between 2/3rds to fths of the strength of all concrete. 

The strength of the brickwox-k can be taken as half of that of concrete. 
In B. B. 0. 30 'to 45% of the lower p.art is in concrete. So the equivalent 
strength of the lower part = 30 to 45% of concrete plus 5 to If of equivalent 
concrete. Thus strength of lower part will be 65 to 77.5% of concrete, or 
2/3rds to ^ths of the strength of all-concrete. 

' Often cement concrete without reinforcements is used for the road cons- 
truction. B, B. C. can be used in preference to the cement concrete and efiect 
thereby a great economy. 

5" C. C. Vs. 6" B. B. C. 

Figure 24. 

( 5" Cement concrete . ) 


( 5CEMENT CONCRETE.) 
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Figure 25. 
{5" B, B. 0.) 



Cost of 5” G. G. =ii X 100 @ Es. 100/- per % 

Cost of o'* B. B. C . — 

10*' X o" X i" bricks — 200 @ Es. 18/- per 1000 
cement in concrete in joints and at top — 21 eft. 
@ Es. too/- per % eft. 


... Es. 42 0 0 

... Es. 3 10 0 

... Es. 21 0 0 

Es. 24 10 0 


The comparison of cost for 5* C. C. Vs. 5" E. B. C. is Es. 42/- \s. , 
Es. 24/10/.. 

Gonorele Fs. B, B. C . — It is more economical to use E. B. C. in the place 
of cement concrete for the same strength. 

The strength of the concrete is measured by its resisting moment. The 
resisting moment of 4", 4^", 5", 6", 7", 8" concrete slabs per ft. width are 

as follows : — 

31 =^*X f =1^' X 60 = 120a^ 

• Where h = width = 12". 

d = depth of slab in inches. 

f = safe tensile strength of concrete in lbs. per sq. in. 
= 60 lbs. per sn. inches. 

Plain cement concrete. Eesisting uioiiient per ft. Eesisting moment per ft. 

widch for hi ick concrete. 


4" 


width = 120d® 
for concrete. 
1920 In. lbs. 

f 


2430 In. lbs. 


3000 In lbs. 

5i" 

\ 

3630 In. lbs. 

6" 


4320 In. lbs. 

7" 


5880 In. lbs. 

8" 


7680 In. lbs. 


{Strength of B. B. C.) 

Eesisting moment =. 4 |.fj.a. , 

=A^X16C00/- Xid 
= A^X 14000/- Xd- 14000 A^d. 


= ^Ih of concrete 


1440 In. lbs. 
1823 in. lbs. 
2250 In. lbs. 
2723 In. lbs. 
3240 In. lbs. 
4410 In. lbs. 
5760 In, lbs. 
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"Where Aj. = Sectional area of steel in sq. in per ft. width of slab. 

fj. =Safe stress of steel in lbs. per sq. in. 

= 16000 lbs. peraq. in. 

a = lever arm in inches, 
d = effective depth in inches. 

Besisting moment per 
ft width 


E. B. 0. 

Eff. depth, 

= 14000 Aj( 

d" with 3/8"" dia rods 


approximately 

7" apart. 

„ with 5/16" dill rods 

3" 

6064 in. lbs. 

7" apart. 

„ with ;V' dia rods 

3" 

5472 „ „ 

7" apart. 

4-J" with 3/8" dia rods 

3" 

3528 ,1 t, 

7" apart. 

„ with 5/16" dia rods 

3|" 

9408 „ „ 

7" apart. 

„ with J" dia rods 

3^' 

6384 „ „ 

7" apart. 

o" with 3/8" dia rods 

3k" 

4146 „ „ 

, 7" apart, 

„ with 5/16" dia rods 

4" 

10752 „ „ 

7" apart. 

„ with dia rods 

4" 

7296 „ 

7" apart. 

6" with 3/8" dia rods 

4" 

4704 .. „ 

7" apart. 

5" 

13430 „ 

„ with o/ 16" dia rods 



7" apart. 

„ with i" dia rods 

5" 

9120 „ „ 

7" apart. 

' 7" with 3/3" dia rods 

6" 

5880 „ „ 

7" apart. 

8" with 3/8" dia rods 

■ 6" 

16128 „ „ 

7" apart. 

7" 

18816 „ „ 


192 


Total 

depth. 

Beinforoaments. 

Eff. 

depth. 

Besisting moment per ft. 
width =14000 Ajjd, 

4" 

3/8" dia. 

12" apart 

3" 

4704 

In. 

lbs. 

II 

5/16'' 

II 

tl 

3192 

II 

II 

>1 

V 

11 

1» 

2058 

It 

II 


3/8" .. 

11 

3d" 

5428 

II 

If 

)> 

5/16" „ 

11 

fl 

. 3724 

1) 

>1 

II 

1 f 1 

It 

• • 

2401 

If 

If 

5" 

3/8“ 

11 

4" 

6372 

ll 

II 

tt 

5/16" 

11 

II 

4256 

It 

f 1 

II 

JL" 

4 II 

fl 

If 

2744 

II 

II 

6" 

3/8" „ 

11 

5" 

7840 

II 

II ^ 

II 

5/16" 

II 

It 

5320 

If 

If 

II 

.1." 

1 11 

If 

1* 

3430 

II 

If 

7" 

3/8" .. 

•1 

r," 

9408 

If 

1 1 

II 

5/16" .. 

i« 

fl 

6384 

II 

11 

II 

i" .. 

11 

ft 

4116 

If 

II 

8" 

3/8" .. 

tl 

7" 

10976 

II 

II 

If 

5/16" „ 

11 

II 

7448 

II 

t» 

tl 

k 11 

n 

II 

4802 

II 

II 


The resisbing moment of 6" concrete slab per ft. width is 4320 In. lbs. 
The resisting moments of 43t'' E. B. C. with i" dia. rods 7" apart one way and 
3/8" dia. rods. 12" .ap.irt crosswise are 414G In. lbs. and 5428 In. lbs. in cross- 
wise directions. Calculations for E. B. G. are usually done by ignoring tensile 
strength of the brick concrete. In reality' the tensile strength of the concrete 
or brick concrete plays some part. These calculations show that a 4-^" E. B. C. 
is stronger than a G" cement concrete road. This section of road has been 
extensively used at.Barisal with excellent results. At Barisal the subsoil 
water level comes to within a foot from the surface of the road during rainy 
season and thus a strong foundation is necessary for such roads. The cost of 
4^" E. B, 0. is much less than the cost of 6" cement concrete. 


Cost per sq. ft. 

G" cement concrete per % sq. ft. =60 eft. (??! 

Es. 100 per 100 eft. = 

4" B. B.C. 

Bricks— 200 @ Es. 18 per 1000= 
Cement concrete — 21 eft. 

@ Es. 100 per 100 eft. = 
Eods — 2/3rd cwt. @ Es. 7/8 per owt. = 


Es. 50 0 0 

Es. 3.6 

Es. 210 
Es. 5.0 

Es. 29.6 


Say Es. 30/-. 
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Coafi of 4|" E, B, 0, is Ea. 30/- whereaa the coat of 6'* cement concrete 
is Es. 50/-. That shows great economy of E. B. 0. over cement concrete roads. 

Position of reinforcements.— lb will be interesting to find out what 
is the most suitable place for putting the reinforcement in concrete and 
bonded brick concrete roads. Some suggest that reinforcement should be 
used at bottom only, some at the top only and some both at top and bottom. 

In the 6th mile of Oaloutta-Jessore Eoad 6" B. B. 0., and 6" E. B. C., 
were tried side by side, one without reinforcements and the other with 
reinforcements. Both are standing well. 6" B. B. 0., has developed two 
fine expansion cracks in the slab whereas in E. B. C., there are no cracks. 
That shows that one of the functions of reinforcement is to prevent appearance 
of cracks. The length between the expansion joints can be increased by using 
reinforcement. 

At Jaggannath Ghat Eoad 7" E. B. 0., road experiments — reinforce- 
ment has been used in one case at the bottom and in the other case at the 
top 2*' below the .surface and in both cases these roads are standing perfectly 
satisfactorily. 

If we look to pages 32-33 of the Indian Concrete Journal of the 
February issue of 1934, we find under the head “Eecent Practical Develop- 
ments, American Eoad Builders’ Association" — Current practice in the design 
of state highway concrete pavements — that the reinforcing fabrics or bars are 
used 2" to 3“ below the top surface of the roads (2" in case of New Jersy, 
Ohio, Pennsylvania, Victoria, and 2|” for New York and so on). The depth 
of the concrete usually varied between 6" to 8''. 

Thus according to the latest American practice the reinforcement is 
used at the top and not at the bottom. The reinforcement at the top 
will prevent the appearance of cracks at the top surface. The cracks due 
to surface tension, caused by the temperature stresses, will be better prevented 
by the use of reinforcing rods or fabi'ics at the top. In case of weak founda- 
tion reinforcement at bottom will be more effective. 

Eeintorcement. — 

(1) ^ ewt. per 100 sq. ft. where there is good foundation below — as 

V* dia. I’ods — 6i" apart along length and 11;^" apart crosswise 
will make ^ CAvt. per 100 .sq. ft. That may be used preferably 
1^" to 2" below the top surface. 

(2) One ewt. per sq. ft. where the foundation is not so good, 

That may be used at bottom only. 

(3) ij ewt, per sq, ft. (J ewt, at top and one owt. at bottom) 

where the foundation is very defeoti^'e. 3/8" dia. rods — 7" apart 
along length and 12" apart crosswise at bottom will make one 
ewt. per 100 sq. ft. and at top i” dia. rods 7" apart along length 
and 12“ apart crosswise will make ewt. at top. 

Figure 26. 
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Figure 37. 



Figs. 26, 27 and 28 show sections of E. B. C. roads reinforced at bottom, at 
top and at bottom and top. 

1. Method of constiuction . — The existing surface of the road is to be 
levelled properly and rolled. All pits are to be filled up and unevenness removed 
by the use of some metal and consolidating the same with a road roller. 
Usually a camher of 1 in 60 is given in the road section. 

In cases of new roads a brioli soling or 3" or 4" brick jhama or stone 
road metal is to be used and consolidated by rolling. 

2. y sand is to be spread on the surface and wotted well with water. 

3. Net work of reinforcing rods, i", 6/16", or 3/8" dia. (as required), 
6^" or 7" apart one way and ll" or 12" apart crosswise (according to the size 
of bricks 9" X X 3" or 4", 1 0" X 5" X 3" or 4") is to be spread on the road bed 
l" above the sand. The joints can be made 2" or 1-^" or more as desired. 

4. Wet, overburnt first class bricks are to be spread inside the network. 
The size of bricks in Upper India is usually 9”X42" whereas the size of the 
net will be ll"x6j". Thus the joint will come out to be 2". In case of 
10" X 5" bricks, as in Bengal, the net will be 12” X 7". The joints are often 
made J" also for the sake of economy. 

5. Sprinkle a little water on the bricks, grout in a little mortar (1 : 2^), 
about i" thick in joints and pour in wet cement concrete of plastic consistency 
in the joints upto 1^ or 2 depth so that the concrete finds its w'ay easily 
down. Pack the concrete well. Graded ballast of y dowm to 1/8" may be 
used for bottom 2" concrete. The grouting can be omitted for good plastic 
concrete (1 : 2j : 3-^). 

6. Place stiffer concrete of proper mix on the top to the required depth 
and consolidate the same well by tamping as is done in case of concrete 
roads. Too much water must be avoided for the top concrete. 5 to 6 gallons 
of water per bag of cement is usually required. 

7. Cover the surface with wet gunny bags for 24 hours and after that 
make certain hunds at intervals of 4 feet ; put wet earth or sand or moss or 
straw etc., inside the bunds and water the same well for two to three weeks. 
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8. Treat the surface well with three coats of sodium silicate wash (l in 
■1 solution) at intervals of 21 liours after a period of two weeks. 

Throe inches of extra concrete with double rods are to be used both at 
edges and at expansion joints. Expansion joints are to be provided at every 
20 ft. to 30 ft. 

In ease of concrete with brick or any soft ballast, it is advisable to paint 
the surface with to l" road board tar or asphalt, with necessary grits or 
sand, to take the surface ^Year and tear. In such cases the concrete surface is 
to be cleaned with copious water with the help of a broom 1 to 5 hours after 
laying of the concrete so as to remove the laitanco on the surface. Eirst of all 
a coat of bituminous emulsion is to be used on the wet surface w'ithin 21 hours 
and after that tar or asphalt surfacing is to be laid when the slab has set and 
the surface is dry. 

6" E. B. C. road with to 3/8” dia. rods is used for ordinary heavy traffic. 

5” E. B. 0. roads with to 3/8” dia. rods are used for ordinary medium 
to heavy traffic. 

ll” E. B. G, roads with i” to 3/8” dia. rods are used for light to medium 
traffic of moffusil town roads. 

l” R. B. 0. roads with i" dia. rods is to bo used for light traffic. 

It must be clearly understood that the concrete must be of very good 
quality, properly laid, of rich proportion with hard ballast, clean coarse sand 
and good Portland cement. If line sand is used or weak proportion adopted 
for the surface, there is very little chance of success of the concrete roads. 
Selection of materials for concrete, proper gauging of water for plastic 
consistency are essential for the success of the road construction. 

Cost of B. B. G. and B. B. C. roads — The cost of B. B, C. and R. B. 0. 
roads will vary from place to place according to the cost of labour and 
materials, according to the proportion of concrete, depth of the road, quantity 
of concrete and bricks in the same. 

The cost of bricks vary considerably from place to place. The approxi- 
mate cost of 1000 bricks — picked first class (in 1936) ; — 

Calcutta— Es. 18/- per 1000 (I0"x5"x3”). 

Lucknow— Ra. 9/- per 1000 (9" X 4-^” x 3”). 

Benares -Es. 12/- per 1000 (10‘'X 5” X S”). 

Calcutta— Rs. 24/- per 1000 (lO" X 5" X 4"). 

Lucknow— Rs. 14/- per 1000 (lO" X 5" x 4"). 

For working out costs wo shall assume cost of rich cement concrete 
(l : 1^:3) with stone chips at Es. IIO/- per oft. 

Ditto with jhama chips (1 :2^ ;3-^) at Rs. 65/- per 100 eft. 

(Coat of reinforcing steel rods — @ Rs. 7 /- per cwt.) 
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Cost o/ jf- J" R. B, 0. road as adopted at liarisal per 100 si/. Jl. 

Propiinition of subsrado by ]>icking up bed, 

scavifyiuy, regrading, ro-rolling complele witli i" 
sand at the top ... ... ... Ps. 

Picked first class hard burnt bricks including labour for 
laying — 200 No. (<<) 17/- per 1000 ... Ps. 

Comont concrete in joints and V' above 
the bricks with picked jhama ballast of 
gauge -s" and down (1:2^: 3i) — 12i eft. 

(<5 Rs. 65/- per ‘o eft. ... ... Ks. 

1" conicut concroto (l : li: 3) with Pakuv 
stone ballast ( V* gauge and down) — S3 eft. {p 
Es. 110/- per 100 eft. ... ... Es. 

Mild stool rods — 2/3 cwt. @ Hs. 7/- por ewl. ... Es. 

Expansion joints and three coats of sodium 
silicate— (1 in •!) -per 100 sft. ... ... Es. 


3 


3 


b 


•J 

•1 

1 


b 0 
0 0 

2 0 

3 0 
11 0 

8 0 


Es. 30 6 0 

Cost per sq. ft. ... Es. 0 1 10 

The accept od tender for the work was O/l/G por sq. ft. and over a “ilo of 
d-V B. B. G. road was constructed at that rate at Bnristil. 

Cost of difioront sections can bo worked out on similar lines. 

Maintenance — Bonded Brick concrete roads, plain and reinforced, are cheap 
in initial cost and require very little maintenance cost, say Es. -/-J/- per 100 sq. 
ft. in a year*. A comparative statement of cost of different kinds of roads in- 
cluding maintenanco is given in appendix No. 2. The statement clearly shows 
that the Bonded Concroto roads, plain and roinfoixed are cheaper than other 
kind of roads now in use in India. 

Further inveslhjations on Bonded Brick Concrete roads, plain and reinforce- 
ed, for further reduction of the cost. 

It has been found from the experiments by the author that weak pro- 
portion of cement concrete such as with proportion of mortar 1 ; -1, 1 : 5, 1 : G, or 
so can be used safely in reinforced concrete works. The method is to use rich 
cement mortar or concrete to embed the bottom rods and on the top weak pro- 
portion of cement concrete is used and the two layers are interbonded with 
brick keys. Fig. 29 is a section of reinforced brick weak cement concrete slab. 
We shall call this E.B.W.C. road. Fig. 30 is a section of B.B.W.O. road. 

Figure 29. 



Figure 30. 



Exporimonte had shown that the addition o( lime iuci'eases the work- 
ability and strength of weak proportion of cement conoreta, Full details 
of experiments can bo seen in author’s hook on “Experimental Besearches on 
Boinforced Brickwork Lime Concrete slabs’’. 

In this way Iho cost of B. B. C. and H. B. C. roads can bo further reduced 
but it is to bo noted that the weak proportion of cement concrete will not stand 
the abrasion duo to road trsiflic. The application of soda silicato wash on tho 
surface will greatly increase the surface strength of such roads. On tho top 
surface asphalt or tar painting with nccessai'y stone grit can also be done. 
A wearing course of rich cement concrete can be used on top for taking up tho 
wear and tear. 

In somo Hyderabad State road Mr. Zaman tried l.’l:S;S (c:l:s:b) 
concrete for tho side portion (excluding tho central part) of a road and that 
stood quito well lor two years ; when it showed signs of abrasion, tho road 
surface was then painted with Colas and grit. In B. B.W. 0. roads similar 
procedure can also bo adopted. Then comes the question of adhesion of the tar 
or asphalt painting on the concrete surface. The question has been investigated 
by several engineers. It has been found that if after 4 to 6 hours of laying 
the concrete, the surface is washed with a copious supply of water and a still 
broom, tho scum on tho surface will disappear and a rugged surface will be pro- 
duced. Pieces of ballast will bo protruding out from the bed of the concrete. A 
coat of bituminous omulsiou is to be laid w'ithin 24 hours after washing ; so that 
tho bitumen may stick well witii tho ballast. After the cement has set, tho 
painting with tar or asphalt wish hard stone grits and sand can be dono. In that 
way the adhesion of painting with the concroto base will bo thoroughly ensured. 
Tho, wear and tear will bo taken by the surface painting and tho weak conoreta 
below will not be exposed to wear and tear. 

Bonded Brick Concrete /or Ildlij places. In hilly places often good bvioka 
aro not available. In such cases stono bricks or blocks are to be used in the 
place of common bricks. In hilly places stone bricks or blocks or boulders are 
very cheap and those can bo used in the suhgrade in the place of bricks. Other 
particulars aro similar to those described before. See plate No, Hr for details. 

Further particulars of 42'" B. B. G. roads actually constructed have been 
given in tho plate No. v. 

Diilorent thicknesses of Bonded Brick Concrete roads, plain and reinforced 
have been shown in plate No. I. 

Plate No. 'i' shows somo of the different types of. roads with conoreta, 
bonded concroto, bonded brick concrete, (plain and reinforced), bonded brick 
weak cement concrete (plain and rointoreod), bonded brick lime concrete (plain 
and reinforced), reinforced brickwork asphalt concrete fplain and reinforced), 
bonded concrete or weak cement oonoreto or iimo cement concrete base. 
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Od iiho whole there is an immense held for research in bonded concrete 
roads, plain and reinforced and the economical results obtained so far bodo a 
very good future for these roads. On account of economy with etliciency, these 
roads will solve to a largo extent the road problem of India and in a few years 
wo may hnd a few thousand miles of those roads in this country.' 


Specifications. 

Uor ii" iJ. B. G. roads ). 
BARIS.V1:.. 


Bricks Picked first class (hard-burnt). 

Straight picked jbama selected will also do. 

Cement Portland cement of British Standard Specifications. 


Indian cements as, Bohtas, Swastika eto., will do. 

If quick-setting cement is wanted for tho last few bays Bohtas* 
Crete or Swastika-oroto can be used there. 

Sand Glean, coarse sand, graded in size will bo used. 

For the lower course, half part local savar sand half part coarse 
sand will do. 

For the top l" conci'cte only, coarse sand to bo used. 

Bods Mild-steel rods. .A rod can be doubled without fracturing the 

outside fibres at the bends. 

Jhama chips. Of picked brick jhama of gauge I*' down to 1/8". The ballast is 
to be washed clean of dust before use. 

Stone c/iips.... Hard stone chins as Pakur etc., will do. The gauge will be 
down to l/s". The ballast is to be washed clean. 

Measure Cement in bags is one cwt. and in volume it is to be kept as 1-} 

eft. (90 lbs. per eft.). While giving contract this is to be 
specified. That is the procedure also according to the latest 
Code of practice for reinforced concrete. Cement is to be 
measured by weight and not by volume. One bag=l-} oft. 


Water 4 to 6 gallons of water are required per bag of cement. If tho 

ballast and sand be wet 1 to 4^ gallons will be found to be 
ample. The top concrete is to be made a bit stiffer. 

Time The top l" concrete is to be laid within •!- hour after the laying of 

the bottom layer. 
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List of Plates. 

B/1...6" E. B. 0., 6" B. B. 0., 6" E. B. A. 0., at Caloutta- 
Jessore Eoad. 

11/3... Different depths of B. B. 0. and E. B. 0. roads. 

E/3... Comparative experiments of E. B., R. B. 0. and E. 0. on 
same conditions. 

E/4. ..Different types of Bonded Concrete roads (Datta's Systems). 

R/o.. .Details of 4|'' E. B. 0. road at Barisal. 

R/6... Details of 7" E. B. 0. for Jaggannath Ghat Eoad. 

R/7.. .Details of 7" B.B.C. at Jaggannath Ghat Road — (2nd. 
experiment). 

E/8... Details of 5*' B. B. 0. at University Eoad, Lucknow. 

E/9.. .Details of 4^" R. B. C. road (General). 

R/10... Details of Stone Brick Concrete road. 

Appendix No. 1 ...Details of B. B. C. and E. B. C. roads constructed. 

Appendix No. 2 ...Comparative cost of different kinds of roads with main- 
tenance. 
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DISCUSSIONS ON PAPER No. 35. 

Mr. A. K. PSittci \ — Mr. Ohtiirmaii And. Gontloinon, — I bavo much ]>leAsui*o 
in pi'osonting to you my papoi- which ia based on my researches during the last 13 
years. I started my investigations in reinforced conotoho and brickwork as early 
as 1916 under Mr. Breknor at Patna, who was then Executive Engineer there 
(now Chief Engineer, Government of Indiii). First of all, we used reinforced 
brickwork in buildings. Later on when the question of corrosion of rods came in 
wo combined concrete with brickwork and introduced this E. B. 0. (reinforced 
brick ooucroto) in building construction. Wo found afterwards that this material 
was very suitable for road construction. Wo tried this on many roads carrying 
diffoveufc kinds of traffic — both light and heavy — and it proved very satisfactory. 
Tiio bricks are placed at intervals of two inches and cemout concrete is placed 
on the top and in tlio joints so that tho whole thing — bricks and the conoueto 
in the joints and at tho top work together as one mass. Thu upper coucrate does 
not separate from tho main body of the slab. This typo of construction has one 
advantage over all concrete ; it costs much loss than an all-concreta construc- 
tion of tho SAiiio thickness, because, as yon all know, bricks arc the cheaper than 
cement concrete. Wo have made several trials with reinforced concrete since 
1930. At Lucknow it was tried on the University Road opposite Canning College 
oasberu gate in December 1935. I went there tlio day before yesterday to have 
a look at tho road, and I saw tho part on which much of tlio traffic passed but 
did.nob llnd any cracks or any sign of deterioration. It is just liko au all concrete 
slam In other parts of Lucknow they have concrete tracks of tho thickness of 
si.'; jpclios, but hero wo used throe iuches bricks spaced ouo aud half inches 
anavt with two laches of concrete at the top. Wo take special care about this 
,^Tiok doucreho, and whoro tho expansion joints come In wo provide some extra 
concrete at tho ends. As regards tho extent to which wo could go about the 
depth of the top surfacing, I may say that formerly many of us must have seed 
that when wo laid bricks quite close and pub coniont mortar both in the joints 
and on the tup that, coniont mortar did not pcol off. I made some similar con- 
struction here in 1928 aud I find that oven with a thin surfacing wo did not find 
any such separation in 1937. In our I'oad construction I have tried with one 
inch topping — I have given some dotaiLs in the paper — and I think wo can go 
still further. You Itavc seen at Unao that the amount of abrasion in those roads 
during tho last 6 or 7 years was only [ inch or less. If wo find that tho use of 
one inch concrete in the upper surbico has not abraded to that extent in 6 or 7 
years wo can reduce the top ceinenb concrete still further. In my paper I havo 
given a list of actual constructions we h.avo made. Wo have tried this in Bengal — 
on the Caioutta-Jossore Road, which Jlr. Mitchell saw I think. It was con- 
structed in April 1932, and it is now in a perfectly good condition. Then we have 
tried this on the Jaggannath Ghat Road. I suggested to tho Chief Engineer of 
the Calcutta Improvement Trust who v/as laying concrete roads there to try my 
system, and ho readily agreed to try it and to use those bricks with cavities. 
That road w.as ooustruoto'd two years ego It is now in a perfectly good con- 
dition. The traffic is very heavy there. It would ha interesting to discuss tho 
right position of voinforcomonts for slabs subjected to heavy traffic. I have given 
. my views in my paper, that where tho foundation is good we can provide rein- 
forcements at tho top, bub whore tho fouuSution is dofoobive we can provide some 
at tho bottom and some at tho top or at tho bottom only. 

Tho next thing which I would like to toll yon and which I havo not 
discussed in my paper but which has been raised by several engiuoers is about tho 
co-offioionts of expansion of bricks and concrete. The oo-effioients of expansion 
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ot bricks and concrete are practically similar. For bricks we take the co-efficient 
of expansion as 0.0000055 and for concrete it is 0.000006. They are practically 
similar. If you just look above at the ceiling of this hall you will find that 
blie slabs are all R. B. 0. slabs. If you scrutinise them carefully you will find nob 
a single crack anywhere. As regards ^v'arping, wo all kuow that in the case of 
these concrete slabs the ends warp out but when the same is bounded with a 
layer of bricks below warping stops. 

I have laid special stress in my paper on three points : — 

(i) Necessity of a cheap supply of cement; 

(ii) Necessity of cheap transport; 

(iii) Necessity of bonded brick concrete where wo replace the 

maximum quantity of concrete by bricks at the bottom. 

So that a combination of these three may reduce the cost of Bonded Brick 
Concrete practically to the cost of ordinary road macadam. If we can do 
that we can say that a time will come when we shall be able to do 1000 miles 
of concrete road every year. At present we have gob barely 250 miles. In my 
paper I have suggested that we want tho cost of cement to be Es. 25/- per ton. 
I am glad to inform you — it is good piece of news for road engioeers — that now 
cement factoides are under construction at Dehri-on-Sone and Charkhi Dadri, 
and the jMauaging Directors have told me to declare before this Congress that 
in January next they would be able to supply cement at Es. 25/- a ton f.o.r, 
factory. I recently mat the Managing Director at Delhi and I got still better 
terms. He ofl'ers cement now at Rs. 23/- per ton f.o.r. factory for road w'orks. 
Now that wa arc rgoing to got cement at this rate, I hope the Government of 
India and tho Railway Board would reduco the cost of transport. If they 
reduce the cost of transport we can get cement cheaper still and with our cheap 
method of construction we shall be able to produce concrete roads at 50 per cent 
of the present cost. 

Chairman: — Would any member like to speak on this paper? 

Mr. K. G. Mitchell (Government of India): — Tlio Congress is trying to 
standardize e.xpressions. The woi'd "subgrade” in paragraph 1 is I think incorrect- 
ly used. At page 125 of the paper IVIr. Datta has given us some indications of tho 
trafiie for which his various specifications are suitable. On looking through tho 
paper this morping I cannot find any statistics’ of trofiio in regard to any of 
the experiments w'hich ho has mentioned in the paper. Ho lias told us that by 
the use of bonded brick concrete we can use a much thinner concrete surface 
than otherwise would be possible, t.e., tho whole benefit lies in bonding. But if 
you look at tho figures 14, 15 and 16 on page 113 and figure IS on page 114 you 
will see that he seems to propose to lay one-incli concrete slabs in separata'layers 
not bonded with tho concrete below. This suggests that lie thinks that an inch of 
concrete by itself is sufficient. He also said in tho paper that in weak found- 
ations reinforcements should be used at the bottom. I should like to ask him 
why ? If the foundation is weak tliere is no more reason why it should be sup- 
ported at the edge of the slab than at some middle points .Actually, though it may 
sound a heresy, I am disposed to think that the best place to place reinforce- 
ment is in the middle. I would like to ask Mr. Datta : supposing, having read 
his paper*, I go off tomorrow and try to follow bis suggestions and mako rein- 
forced brick roads, how much would it cost me in royalties ? 

Mr. N. Das Gupta Mr. Chairman and Gentlemen,— I must congratulate 
Mr. A. K. Datta on his excollont paper, but I would like to draw your attention 
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to fclio tablo givoQ in Appenilix 2 of his papor giving a corapamtivo statemoht of 
tho cost of I'oads iucludiug capair costs. Columns 7 to U of the table ai'e taken 
from tho publioitioa of tho Conci'ota Associution of India about comparative 
costs. You will iind that the initial cost of bituminous grouted weaving surface 
has beou sliown as Ha. 26/ ■ per 100 square feet and the average nuiintenance 
cost as Bs. 3/6/- per 100 square feet every year. Tlie engineers of the Public Works 
Departmout present hero know bow far ibis btateinent is correct. Eoferring to 
page a of ifr. Dean’s paper (No. 34). We find that tlio cost of 2^'* grouting 
was Hs. 2/(5/- per square feet or Hs. 26/2/- per 100 square feet. So far so good. 
Now% regarding maintenance wo find tho total up-to-date cost is only Hs. 810 
over a period of nearly four years. The total length of tho stretches is half a 
mile and wo may tako tho average v/idth as 16 foot ; so that the maintenance of 
an area of 42,200 square feet was only Hs. 810 or Hs. 2/- per 100 square feet for 
a period of four years. .So tliat tho avoragu maintenance cost comes to only 
eight annas per 100 square feet pernmuim and not Hs. 3/6/- per 100 square feet, 

1 would only request tho Cement Concrete .‘Association to give facts and not 
exaggerated statements. 

Mr. Ai'ifuddin (Hyderabad) Mr. Chairman and Gentlemen, — we have 
all 'read with great interest Mr. Datta’s Paper on Bonded Brick Concrete Roads. 
The United Province.^ and Bengal are favoured by nature in the matter of good 
soil for brick, but unfortunately tho Deccan and particularly Hyderabad, is not 
favoured by nature in this matter. Our bricks are perhaps tho worst in India. 
But God lius given us plenty of good stones and good huio. 1 feel that tho alter- 
nate for us lies in the use of stones. I should like the author of this paper to 
enlighten mo whether ho considers tho use of stone slabs about 1 to 2 feet with 
joints dUad up with cemout concroto to bo tiuito as satisfactory as brick or small 
stones. 

In Hyderabad Nawab Ahsan Yai* Jung, tho Chief Begineer, Drainage 
Department, has built a road with limo and cement concrete. I noticed that 
tbougli from tlio point of view of tho wearing capuciiy of tho material it 
was not luiioh of a succe.ss, thoro was not a biuglo crack on this road ; which 
showed that even limo concroto 6 inches thick with a little mixture of cement 
can boar tho pros-^uro of ortliimry irailic. As such [ feel that if wo have a 
3 inches or 4 inches weak comeat mixture overlaid with one inch, inches or 

2 inches of rich mixture, there is no reason why the road should not bo successful. 

I should ho obliged if Mr. Datta will give his opinion on this question and also 
on tho possibility on the layers over separating from each other. 

Professor Raja Ram : — Mr, Chairman and Gontlonien, — Mr. Datta in in- 
troducing his papor had remarked that thn co-oliiciont of expansion ho liad 
taken for bricks was O.0U00O60, lie aUo said that the co-olliciout of e.xpausion 
for cement concrete stool was uourly equal to this liguro. I would like to ask 
Mr. Datta uti what basis he iias taken the co-elliciont of expansion of bricks. 
Has ho binisolf mailo any oK[ioriindnts Or has ho taken tho liguro from the 
Amorican Civil Kngiiicors' Poukot Book ? 1 may say that in my opinion, tho co- 
ellieient of expansion of bricks iloponds upon tho naturo of tlio matorial from 
which brioks arc made and also upon tho range of tomporacuro at which they 
aro burnt. Wo cannot put at tlio same liguro tho co-efliciont of expansion of 
all bricks niiido from Kashmir to Capo Comorin. Tlioro is no such thing as a 
standard brick in India. In England thoro is bluo stall'ordshiro. 

T would also like to ask Mr, I).itta if ho lias taken into consideration tho 
factor known as Poisson’s ratio into account in rhis calculations of Reinforced 
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JBi-ickwork structures ? Cau he give mo a figure for Poisson's ratio for Koin- 
forced Brickwork ? 

Mr. W. A. Badice : — Mr. Chairman and Goutlomon, — I have not given 
this paper the study it deserves, but from a rather superficial reading of the 
letter press and examination of the diagrams it seems that the reinforced 
brick road proposed has very little vertical shear value. There are vertical 
planes of weakness in shear in all directions. 

I should like the author to tell us whether the tost stretches of his road 
surfacing described by him were laid on existing roads, whoso surfaces have been 
consolidated for years or whether any of thotn woro laid on a newly constructed 
■ embankment without any soling beyond that provided in bis designs and cost 
data. I ask this question because teat surfaces laid on old metalled surfaces 
seam to mo rather to beg tlie question. They are laid on a strong foundation 
already provided free of cost. 

Mr. A. K. Datta (Author); — Mr. Chairman and Gcntlomeu. — as regards Mr. 
MitchoU’s observations, my reply is ns follows. In the case of bonded brick 
concroto, with tho cement coiioroto surfacing it produces sound aud economical 
concrete road whero tlio subgrado is of bricks down below with which tho sur- 
face concrete is interliondcd, by extending ribs of concrete into tho joints, 
betw’een the bricks. Tho word "subgrado" is nob )>roperly used. As regards traffic 
figures, they are given in tho paper. On tho Yahiapur Hoad ( Allahabad ) tho 
traffic is about 200 tons a day. Formerly whenever there was a heavy shower 
water flowed over tiio road surface to a depth of about 2 foot or so with great 
velocity. Formerly a coat of wator-bouud macadam was used every year and 
that was washed off by tho rushing water during the mins. Tho road as con- 
structed at) present is quite satisfactory. Thou on the Uospitnl Road in Barisal 
the traffic is about 500 or 600 tons a day. On tho Jaggannath Ghat Road it may 
be about 4 to 5 thousand tons a day. On the Collectorato and Chowk Bazar 
Roads the traffic is about 800 tons a day. 1 think Mr ifitchell roferrea to thin 
concrete surfacing at the top. Where the cost of stone is vury high tliis is a 
satisfactory way of reducing the cost. 

.As regards the position of the reinforcements, we tried the experiments 
mentioned in the Concrete Journal on the Jagg<iunath Ghat Road. In ono of the 
experiments the reinforcement was used at the bottom and iu another at tho 
top. Of course, both are standing the traffic equally well. 

As regards Mr. Das Gupta's remai’ks about the maintenance cost, of courso 
I took the figures from the Concrete .Association’s reports. 

A member : — These figures are ten years old ? 

Mr. A. K. Datta (Author): — Yes. Even taking the lower figure we find that 
the maintenance cost of concrete road is much lower than any that we have. 

Mr. Arifuddin has said that good bricks are not available at Hyderabad. 
I have also taken that point into consideration during my investigation. In 
hilly places we find ballast very cheap and bricks of very poor quality. What 
we do in such places is — I have given some figures in the uaper—in diagram 
No. T5— we insert boulders in the place of the bricks. I agree with Mr. Arifuddin 
that he can use stone blocks in tho place of bricks and reinforce them properly 
and provide expansion joints at regular intervals. .As regards the use of the bi<* 
,1 slabs with reinforcemeuts, I havo also got this thing iu viow\ I have made 
some experiments, and it would be a good thing if this Congress gives mo some 
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As re^avds bis remarks about limo and cumeut, ibis problem has been vexing me 
for the last seven years. I do not say I bavo been comjilotely successful but I 
have partly succeeded. Wo tried limo with molasses and used the molasses as a 
binder for lime concrete. It hardens very considerably, and it still further 
hardens when it is treated with sodium silicate. If we mix up about 10 per 
cent of raolasso.s with limo concrete wo will find that the strength is cent per 
cent greater and if wo treat the surface with sodium silicate we will find that the 
surface will bo hardened by another 25 per cent or more. We are just making 
further oxporiinonts on those lines. 

As. regards the eo-oUiciont of expansion of l>ricks and concrete, I leave it to 
you to see. The roofing of this hall was constructed sometime back, and 
you will find not a single crack anywhere. Wo have constructed any number of 
slabs, and wo do not find any separation between the brick and the concrete. 

Chairman *. — It is now time for me to thank Hr. Datta on your behalf for 
his iuteresling paper whicli has resulted in sucli an interesting session. I do not 
propose to take up much of your time, because the time leh at our disposal is 
now very short and you have got two other papers to discuss, hut I do wish to 
enter a mild caveat against the yard stick of progress advocated hy Mr. Datta 
which appears to be the rate of progress of concrete roads. This yard stick should, 
in my opinion, ho something like the rate of improvement of our roads to such 
standards as would carry the traffic that is likely to develop on them in the not 
too remote future. 


CIIAIR^^.tX : — Rai Bahadur N Bhaduri. 

Chairman : — I now call upon ^^r. Sondhi to introduce his Paper. 
The following paper was tlien taken as road : — 


Paper Xo. 'IT. 


INDIAN ‘'ROAD-AGGBRGATES’', THEIR USES AND TESTING. 


By 


if. L. Sondhi, I.S.E., 

Executive Engineer, Public TI'orAs Department, Punjab. 


Note — Quotations in this paper are from (i) flajh-iony Engineers’ Hand- 
book by Hanger tfi Jionuey, (il) "Hoad Aggregates,” by Knight and are 
annotated accorthnghj where the te.ii does not make the sowree clear. 

Object of the Paper . — A very useful article, on attrition tests on stones used 
as road metal in India, by Mr. M. S. Krishnan, M.A, Ph.D., appeared in the 
Records of tlio Geological Survey of India, Vol. LXIX, part 3, iy35. It was 
reproduced in the magazine "iridiau Roads" of April 1936. 

This paper is 'intended to offer comments on the contents of that article, 
frorft the point of view’ of tho voad engineer, to make a brief comparison of 
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the i^roperties o£ the various stones, so far tested at Alipore Test House, in 
relation to their use in water-bound macadam, bituminous or conci’ete roads and 
to compare those stones w'ith stones regarded as good in other countnes. 
Suggestions are also made for conducting fimtlier more detailed and more 
systematic researches in the properties of road aggregates available in this 
countiT. 

Mr. Krishnan’s Paper is mainly an abstnict in tabular form of the results 
of the attrition and specific gravity tests on road stones carried out at the 
Alipore Tost House since Ilis conclusions (siunnuirised at Appendix 1) 

on the I’elativo qualities of stones, based on the results of petrological 
examination are of a very gciuntil nature and apply, mainly, to the use of 
these stones in water-hound macadam. Althougli an extensive milage of this 
type of road surface uill exist for a long time to come, regard must also bo 
had to the increasing recent use of bituminous and cement concrete surfaces 
to meet the difliculties brought about by fast motor traflic. The special 
behaviour of stone aggregates in sucli surfaces has not been considered l)y Mr. 
Krishnan. 

With the over increasing demand for improved roads and their increasing 
milage means must he devised to carry out their construction and maintenance 
■with economy. The economy to be really elFeotive must bo applied to the 
biggest item of the bill. Aggregate constitutes that item and actually carries 
the traflic. It is, tliereforc, incumbent on the i*oad engineer to apply scientific 
resoarcli to “road-aggregates" and to uso only such as will for a particular 
specification give the longest service at the minimum initial and rcpaii's cost. 

I 

QUALITY OF AGUBEQATE FOB DlFFEltENT KINDS OP 

BO. ID SUB FACES. 

The first thing to decide is tlio qualities desired in aggregates employed for 
the different classes of road surfaces now constructed in India iind tlio next to 
find out from results, so far ascertainc«i, iiou fur the dcMdcruta iiro obtained in 
the aggregates available in this countiy . 

Let us, therefore, consider the requisites of each class of suvfaco 
seriatim ; — 

(1). WATEli-BOUND MAC. ID AM. 

The water hound milage in British India consists of: — 

40180 Miles of stfine metal and 
17383 Miles of ‘Kunkar’ or laterite. 

Kankar and soft laterite roads, though very dusty, stood up fairly well to 
the traffic of former days but now deteriorate rapidly. Tho reason is tliat tlie 
bullock-cart grinds the metal to dust. In pro-motor days it rem.ained to a lar"e 
extent on the road surface but now is sucked out by fast traffic and is blown 
a\vay. 

(a) Physical propeities requited in an aggregate for a water-bound 
macadam road. 

To cope with the natural and mechanical destructive agencies, to the 
extent possible, stone for use in the surfacing of this class of road should be 
sound, hard and tough to withstand the abrasive action of iron-tyred bullock- 
cart traffic and the vibratory action of high speed-motor vehicles. It should 
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also possess higli onishing strength and cementing power and should not contain 
any soft materials tliat are likely to disintegrate inipidly under the influence of 
weather conditions. Those qualities are rarely fount! together in any high 
degree. Thu.s flint, liuuigli hard, is ufLuii brittle, and some scliistosu or slaty 
rocks, althoTigh liurd and tough when quarned, often disintegrate when exposed 
to weather. The quality of cohc.sion is rarely found in combination with 
extromo liardnoss and toughnoH.s. j\ratcrial well consolidated and united in 
mass, resists crushing much hotter than when loose, and good binding property 
enables a stone comparatively weak to bear better than a liarder stone which 
docs not bind. The rclaliso values of stone are determined by certain physical 
tests described below. 


Common Phymcnl Ti’slu. 

Abrasion or Hardness Test. 

Hardness is the ability to resist direct abrasion. It is tested in what is 
called the Dorry ^lacbino by grinding a cylinder of the stone *25 centimetres 
in diameter on a cast iron (lisc with a pressure of 25 grammes per square 
coutimetro, rotated at 30 revolutions iwjr minute using crushed quarts as an 
abr-asivo. The loss in grams per 1,000 i-ovolutions is measured and the quality 
is oxprc.ssod hy the co-ejlidcnt of hardness. 

h — 20-'!' wliovo h is tlio oo-ellieicnt of hardness and w llio loss in grams 

per 1,000 revolutions. A good lime stone will show a value of h of 12 to 15, 
and granite and.trap of 15 to 19. .According to 11 II. Kniglit (The Koad Makers’ 
Liherary Vol 3), “For good stono the hardness should bo 17 or above, from 17 to 
1-1 the stone is considered to ho nicdiuni quality, while a liguro below 11 in- 
dicates a stono which is too soft for roadstono. It has boon found that the 
dilTcroncos sliown liy tiiis tost for diflbrent stones do not noccssavily agree witli 
tho practical experience of tho behaviour of stones under Iruflic.” 

'The Pixije lm})act Test for louyhness. 

Toughness is tho al)ility to resist impact. A cylinder 25 millimetres iu 
both longtli and diameter has tho inqiact fiom a 2-kiIogi*ammo hannnor 
transmitted to its end tlirougli a steel block with a spborical bearing. The blow.s 
start witli a fall of L centimetre and whicli is inci eascd by 1 centimetre for each 
blow. Tho height of tho last blow in centiuiotros is takan as the measure of 
toughness. Lime Stones usually range from 10 to 15, granite 15 to *20 and trap 
20 to -10. This test is, according to Mr. Ktiigld, "Tbe most informative and signi- 
ficant of mechanical tesl.s and goes a long way to indicate the value of a stone 
for road-mailing purposes especially if consiriered in conjunction with tho roaidts 
of tho Dovul .Attrition Test. A high class road-making .stone will withstand 
nineteen or more i>lows under this tost ; hut for some traflie conditions an impact 
of sixteen or oigliteen is pomiissiblo." 

Ailriiion Test with the JUevai Jilachine. 

This is a combined wear and impact test made by placing a washed and 
dried sample weighing 5,000 grams and consisting of 50 fiagmontsiix a cast-iron 
cylinder 20 by si centimetres in diauiensions, set at 30 degrees with a shaft and 
rotated at 30 revolutions per minute for 10,000 revolutions. Tlie sample is again 
washed, dried and weighed. TJxo percentage loss of weight called the per cent 
wear, is taken as tho inoasuro of tho wearing qualities of tho stone. The French 
Co-e^icieni of wear was formerly much used and is still frequently specified. 

10 

F. 0. --- 


loss of weight per cent 
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A maximum per cenfc of wear of 7 or a minimum F.O. of G is usually re^ 
quired for water-boimd macadam stone. 

Cnishing {or cotJipressive) Strength Test. 

This is made on cubes or cylinders and “any apparatus may be used wbiob 
has compression shackles designed to ensure an axial loading of the tost speci- 
men. ” (2). A cylinder 2 inches in diameter by 4 inches in length should give a 
value of at least 10,000 pounds per square inch on a stone having a per cent of 
wear less than 7. 

Ce^nentation Test. 

Cementing value is of special importance in macadam stone. It is tested 
by grinding the stone with distilled water in a ball mill and moulding the result- 
ing paste into cylinders 2o by 25 millimetres. These are dried and then broken 
by the impact of a 1 Kilogramme hammer falling 1 centimetre. The numljer of 
blows is the criterion. Sandstone shows little cementation, limestones 25 to .300 
and trap 100 to 800. minimum of 25 is usually required. 

Specific gravity Test. 

The chief utility of this lest is in connection with the identification of the 
stones. Moreover, from it the weight per cubic foot of volume can be calculated. 
The specific gravity of rock ranges from about 2.6 to about 2.9, 

Water-absorption Test. 

“The significance of this test is the measurement of the amount of 
pore space in the rock, and hence it is in some way a measure of the weakness of 
the rock, since pores are a source of weakness under traffic ; thougli this test is 
not as significant as the more mechanical ones indicating the physical properties 
of stone. In most cases a rock which has an absorption of more than 1 pound of 
water per cubic foot of stone, should lie rejected, unless considerations of the 
other tests taken as a whole indicate otherw ise. The tost is of more importance 
when choosing a sedimentary rock than an igneous one.” (2). The results, so 
far, obtained show that “The strength of certain stones diminishes after continued 
exposure to wide ranges of temperature and frost, and that for stones which 
are submerged under water the strength decreases as the porosity increases, while 
the finer-pored stones are the weakest,” (2). 

Tlie above described tests have been indicated in Jfr. Krishnan’s Paper ; 
but ha has described only the Attrition Test and the results tabulated by him 
i-efer only to this test and the specific gravity of the I’oclcs. 

Further physical Tests. 

In addition to the more commonly used tests, described above, the follow- 
ing are of value and some of those have been introduced only recently and have 
yet to establish their efficacj . 

Fracture Test. 

This is conducted under geological test with a hand lens, “Stone suitable 
for water-bound macadam should crush in cubical shapes rather than in thin, flat 
pieces, and preferably with rough jagged fracture so that it may interlock finnlv 
imder action of the roller.” Angularity or otherwise of the edges of the indi- 
vidual constituents is a most important characteristic to examine when choosing 
a stone for use as macadam and chippings. Further, in some rocks the presence 
can he ascertained of certain coloured minerals which indicate a poor quality. 
The colours to he looked for are a deep rusty red in granites, which generally 
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inilioiilcs thiiti llio miens* and folspai* aro iii. a fairly advanced slaijo oC docompo- 
sition, OL' a greenish tinge in Imsalb and doloritoa, together with n. soinowlnifc earthy 
apposirancQ, which sliows ilio presence of the tindusirablo mineral chlorite 
resulting from the decomposition of the ferro-nuigncsian ininorals. " (‘J). 

(,1?) Qcolayical 

Tliose .constitute an exaniinalioii with a niicroscopo and a consideration of 
the origin of the rock. “Groat refinements should lie avoided as the general 
classillcation is all that is nceossury to the road engineer after the physical 
iiualifcics are ascertained by test." (1). * 

This Geological classification accoisling to Inilletin 31. U.S. Oflicc of 
Public Hoad.s is given in appendix ‘2. 

rntirpretntion of Tf$U. 

It has been found impracliotil to specify definite iiualilica of stone for use 
in water-bound maeadani. lOeontvaiy aiwl jiraclical cuusideration demand that 
all availaljlo sources shonUl bo cunsidcred. Tests should he made to detormiiio 
the relative iinalitios of stone from diffurunt .Hources and tlio results used as a 
guide for solootion."( 1). It will ho instructive to review Die work done in 
America and England in tliis eonnoetion and to compare it witli tlio results so 
far achieved in this country and thereby to get an idea of the work ahead. 

Work (lone in /Inimca. (Vide, Iliglrway Engineers’ Handbook by Harger 
and Bonnoy). 

“In the work of the New York Stale fllglnvay Commission all to.sts aro 
tabulatud geographically, using a county as unit. The table roproclucud as 
appendix 3 ks compiled from the roconls of Dial Department. It will lie noted 
that comparisons are inadu in diA'urunt classilicatiuns only, ns it is considered 
that conclusions should not ho dr.iwn from a comparison of tests prociu'ed 
from malorials liaviiig difleront origins and composed of dilterent minerals. 
For the puriioso of ready comparisun a figure known as the “weighted 
value” has been introduced (see last colunm of appendix 3). This is computed 
by giving relative weights of 3 to the French Co-eflieiont, 2 to hardno.ss, 1 to 
the toughness v.iluos ; and adding those togetlier. Thaso relative woi‘ght.s wore 
determined from a consideration of the amount of malorial used in tho ditfovent 
tests and Die persoinl etiuation of running them. By consulting these tables, 
tho available rocks of diderent elassilicabion in various sections throughout 
New York Statu can ho defconnined r.ipidly, aiul as now tests aro completed tliey 
are compared with good average material from tliat section." 

“Any tough, liard-criished .stone which breaks in rouglily cubical form 
and does not air or water slack is suitable for coarse aggregate. Lime-stone 
granite, gnei.ss, trap and hard sandstones are generally .satisfactory. For class III 
trallic (300 to 800 daily) it is desirable to use a stone having a French Co- 
elUcient of hardness of 7 or better (G per cent of wear or less). Stone as soft as 1 
Kronch Co-edieient has been used with moderate .success, but where a soft stone 
is necessary becau.so of the jirohibitivo cost of a bettor grade the size should bo 
increased. Tho usual size of coarse aggregate for top cour,so is I-} to 2 J inche.s ; 
for soft stone tho size should bo 2^ to 3* inches, using tho .smaller grades for the 
foimdalion eouvso." For purely local roads carrying less than 300 vehicles daily 
practically any avuilablo loci\l gtono w’bich does iwt air or water slack can be 
used, 
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“As generally found, trap is uniform in hardness and toughness, making 
an excellent mateiial for use in top course. Granite and gneiss, where tliey 
occur with iiornblcndo replacing a largo percentage of the quartii, make an 
excellent surfacing stone. Quartzites when found in good state of preservation 
are hard and tough. They should not bo confused with crystalline quartz, 
which is hard but brittle. 

Sandstones are extremely variable and only the bettor varieties should bo 

used. 


Lime-stones range from the fine-grained dense products which are hard 
and tough to the coarse-grained soft piuducts which are not suitable for 
surfacing.” 

As regards the work done in England, at tho National Physical Laboratory 
and elsewhere, the theory and practice adopted in that country is as well- 
described in Volume 3 of Road-makers’ Libcrary by Jlr. Knight. His conclusions 
of those tests are summarised as below : — 

" Gonsidemtion of the results of the phjsical tests as a lohola. 

In choosing a stone for roadmaking tiio following figures give a good in- 
dication of tho tost values to bo looked for : — 


Dorry Abrasion Test 
Deval Attrition Test 
Page Impact Test 
Crushing Test 

Water Absorption 

Cementation Value 


17 minimum co-eflicient of hardness. 

20 minimum French Co-eflicient of wear. 

16 blows minimum for macadam. 

10,000 pounds per square inch minimum for 
macadam. 

0.6 per cent weight or 1 pound of water 
per cubic foot of stone. 

26 blows minimum. 


It is important to remember that the results of tho tests as a whole 
should be taken as indicative of the suitability of a stono for road work, and 
that even then there may be weakness of structure or composition which are 
not revealed by the physical tests but which will be shown to bo present if the 
rock is subjected to microscopic examination.” 

In this connection reference may bo made to a paper by L. V, Barton, in 
which it is suggested that too much importance has been laid on the results of 
crushing test in tho choice of stono. Oir tho other hand the importance of tho 
impact value and the attrition and abrasion figures has been under-estimated. 
For instance, a stone with a crushing strength of 50,000 pounds per .square inch ; 
but with an impact value of say, only 11, is an imdesirablo stone for use under 
heavy live loads. 


A formula is suggested, namely : 


QUALITY'^ 


g 

100 


X2b 


oXd- 


Where a represents the crushing strength 

>, b ,, impact value 

» c „ abrasion figure 

I, d „ attrition figure 

From these values the quality is 


Maximum 

50,000 

30 

13 


4 per cent 
144 


Minimum 

do, 000 

15 

20 

8 per cent 

8.2 
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A figure of 150 is taken to represent an exceptionally high quality stone, 
and suggests, ' as shown in the hal)lo, a niiniinuni of 35,000 pounds per squarj 
inch for crusiiing strength and an impact value of 20 niiniinuni for first class 
stone, with an average wot and dry attrition loss of 8 per cent. Tliese figures 
are not at all well related to the known behaviour under physical tests, for the 
number of stones which will resist a crushing strength of 50,000 pounds per 
square inch must ha very few indeed. Tlic use of omporical formula of tliis 
kind may he misleading, and in the present state of our knowledge it is safer 
,to compare the results obtained with those given liy a few w'idcly used road- 
stones, the lieliaviour of which under actual traflic conditions is well-known. 
The following table is given for purposes of coinpiiri.sou of Lliis kind, and it may 
be of more use in interpreting the physical tests in lornis of the suitability of a 
given material for use as roadstono, than the table of suggested minimum and 
maximum values given above : — 


QUAEliY. 


specific gravity 

- - - 

■k f 

9A O O £ 

^ £ 

^ ^-2 Ji 

Abr.isioii. 

s 
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•n 
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c5 

(J 

n 
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£ 

Absorption of 
vvwtcr. 

0l7.rlLZ2T. 

Penlce 

Ilornfels 

2.79 

1.38 




t 
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1 Very 

Bonowo 

Granite 

2.67 

1.84 

19.(1 

35,100 

26 


) good. 

Holtlnvliislle 

Dolorito 

2.96 

2.85 



21 

0.09 

) 



1 

1 




1 

1 

r Good. 

Tonfonaw 

Koratophyre 


3.47 

17.5 

I 

1 

12 


1 

Fife 

Dolerite 

2.93 

t 

12.89 

1 

18.1 


16 

0.67 1 

1 

Poor, 


This table further serves to show how misleading physical tests may bo, 
since the Fife Dolorito is .shown to be of high quality with respect to ‘mpact and 
abrasion tests and yet under traflic it has houn proved to bo unsatisfactory 
roadstono. In the case of this stone, the lest wdiich is of significance is the Doval 
attrition test, which gives, a truer indication of quality than do tiio other physi- 
cal tests. In any case, the results, of a number of physical tests of the same 
stone should always be considered as a whole.” 

Comparing the above referred to investigations made in the use of stone in 
water-bound macadam “wearing coats”, in America and England with those 
compiled in Mr. Krishnan’s Paper it will bo appreciated that wo are yet far behind 
in this pursuit and tliah work of tho geologist, and the road engineer, in India, 
in this respect needs a greater co-operation. Purtlier investigation and tabulatioii 
of stone tests on somewhat similar lines is required. By careful study of tho 
results it may be possible to determine, for Indian aggregates formula for “quality” 
and “weighted value”. Moreover the road engineers all over India may be able 
to supply a moro detailed and reliablo information about tho aggregate, as a 
result of careful observation of tho actual boiiaviour of the stones under ti’afiic, 
which should be taliulated sido-by-side with tho geological and physical tests. 
Mr. Krishnan’s table may then bo expanded on the lines of the American Tables 
at appendices 2 and 3 and the English ones given above. The general conclusions 
of Mr. Krishnan for the Indian stones are no doubt generally identical with those 
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of the English and Amorican aiithotifcies for similar stones, but ha has not men- 
tioned that his observations aro liascd on the actual cxiierlonco of road engineers 
in this coimtry. 

(b) . Physical properties requir ad in sorceuimjs for atoater-honnd macadam 

surface. 

Screenings act as a filler and binder for water-bound macadam. In their 
latter capacity they should “puddlo” readily under the action of a road roller 
and water. ‘‘Lime Stone Screenings have proved the most efficient as a binder 
although trap and some other igneous rocks can be bound with their own dust 
by repeated puddling. Screening consisting mainly of ciuality liave not been 
used successfully in water-bound construction except by the additions of some 
lime stone screenings. The use of a percentage of clay or loam as a binder is 
not admissible except where the cost of lime stone screenings w'ould ))o 
prohibitive. 

Laboratory metiioda for testing the cementing power of rock pow'ders are 
available, but the results oiitaincd ai'e erratic and undependable. 

In water-bound roads it is often necessary to mix some lime stone screen- 
ings, fine sand loam, or even a small porcentago of clay loam witli trap, granite, 
sand-stone, quartzite, or gneiss screenings to get a good bond and prevent ravell- 
ing in dry weather." 

(c) . Physical properties required in stone for '' Soling" to water-bound 

Macadam. 

As the soling simply spreads the w’heel load transmitted through the 
wearing coat and is not directly subjected to the traffic action almost any stone 
that breaks into cubical h'regular shapes and is hard enough to stand the action 
of the roller during construction, will prwe satisfactory. 

Slate or stone wliich has weathered from long exposure to the atmosphere 
is not suitable for “soling”. The different varieties may be tested in the same . 
manner as for “Wearing Coat” stone for purposes of selection. 

(?) BITUMINOUS SURFACE TREATMENTS. 

(a) Surface treated with Tar, Pitch, Asphalt or Bitumen. 

The essential difference from the ordinary water-bound surface is in the 
‘paint coat’, which forms a thin protective covering which resists wear, prevents 
dust and water proofs the surface. 

In oi’der that this ‘paint coat’ is effective it should stick well to the 
water-bound surface below. This will be possible only if the metal of the water 
bound course and the ‘Bajri’ or chippings used as grit for the ‘paint coat’ have 
requisite ‘affinity’ for the binder. 

The “aggregates” to be suitable for this class of surface should, in addition 
to 'Satisfying the “physical tests” etc., referred to under w^ater-bound macadam, 
also possess the property termed in the industry as the ‘Bitumen-carrying 
capacity’ of aggregates. 

It is well-known that mineral aggregates used in bituminous road con- 
struction- vary considerably in their power of absorbing bitumens and Beidel 
lias tested the “wetting power" of various binders in contact with various 
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aggregates by shaking the coated aggrogato with water. He classifies by this 
. method different aggregates as ‘hydrophilo’ or “hydrophobe’’ according to 
whether or not the bibirraeu is displaced by tho water. "The following tablo 
shows how in general the acidic or basic nature of stones afi’oets its power of 
adhesion to the binder. It must, however, bo vomenibercd that the indication 
is only general, and that any given stone may give much better or worse 
adhesion than its petrological class would indicate. 


nydrophilia stones. 

1. Syenite. 

2. Granite. 

3. Quurt;:ite. 

4. Prophyry. 


Hydrophobic stones. 

1. Basalt. 

2. Greenstone ( t.a., decomposed 

dolerito). 

3. Hyperihe. 
i. Limestone" 


While this classification is of interest, “it can hardly bo expected to give 
the whole clue to the problem, since it takes no account of surface texture of 
tho*- stone." (2). Investigations on this line should bo conducted on tho stone 
and ohippings or bajri available in this country. The life of a “paint coat” 
depends mainly, on tho rate of crushing of tho chips or bajri. Tho stuff 
used should, therefore, possess considerable resistance to crushig and tho 
ohippings’ should be of stone, satisfying tho corresponding physical tost 
already described. The approved range of size is from 1/8 to 1/4 inch (to 
pass 3/b inch mesh). As far as it is known to the author the Alipore Test 
House has. not yet made arrangements for routino test on “Bajti”, 

(b) Bilumen, AspJutU, Tur or Pitch Grouted Miicadain, 


Ihe stone used for this spooification must be hard, tough and clean. 
Tile coarse aggregate 1 ^ to ^ inches size must he uniform and must not 
contain over 15 per cent of atone smaller than li inches size. 


Under heavy traffic where trap or the harder granites are available, a 
miniinum French Co-efficient of hadrness of 8 is desirable (o per cent or 
less of wear;. Very good results can be obtained with a minimum hardness 
oo-efccient of 7 (6 per cent or less of wear)" (l), and this is the usual mini- 
mum limit where limestones and the harder sandstones are employed. "Under 
light traffic and where hard rock is VB 17 expensive, a co-efficient as low as 
a has been used, but under such conditons it is desirable to increase the 
size of the coarse aggregate to 24 to 3'J inches and to use a harder rock for 
the screening incorporated into the seal coat.” (1). Bocks suitable for this 
wmk are generally available all over India though particular localities may be 


,(a) OEMENT CONOBBTE OB MACADAM SUBFACES, 
hard S ’>= 

0699 “iVV avtilable, ths mintoom hard- 

(n for omshed stone is generally placed at French Co-offioient of S 

aran^L weight). Whore the Limestones, hard sandstones and 

of most feasible sources of supply, the minimum French 

In'flwf 7 (8 pel' cent loss of weight) with very good results 

wVh Zr"/ ® P®^’ vveight) harbeeu used 
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Concltiding Betnarks. 

While in laditi wa liave not yet progressed beyond conducbing fcba ordi- 
nary physical feasts on road mefcals, as carried oufc afe Alipora Test House fehe 
road research laboratories in America and England have, in recent years, paid 
much afefcenfcion to fehe inlluenca of such physical characterisfeics of .aggregates as 
shape, surface texture, mineral composition, absorption, etc. 

It has been contended that though the attrition tests have been of great 
service in assisting engineers to make their choice of a material which would 
improve the water-bound methods of construction, yet they give no criterion of 
the life of a bituminous or cement concrete pavement. 

In concrete where broken stone, brick-bats, etc., are used as the aggregate, - 
abrasion tests would be of no particular value ; as the aggregate in this case 
takes a secondry place, and the cement is of main importance and is carefully 
tested before use. The cement and sand form the matrix of the concrete, and it 
is this matrix and that of the bituminous macadam which will be of first imp.ort- 
ance in their respective road pavement. The aggregate in these oases is a 
secondry consideration, and has to come into line with the matrix ; and if the 
stone is too hard, a softer material is to be tried. 

A theory has been propounded for sometime now that in cement concrete 
the quality of mix is not inlluenced by variation in the quality of the aggreyate 
so long as the material is sound and durable. This theory lays stress entirely 
on gradation of the aggregate. Similarly, in the bituminous surfaces fehe 
conventional theories of mixture design deal only with the effect of grading. 

But it is becoming more and more evident that certain observed differences 
in fehe behaviour both of cement conorafea and bituminous mixtures can only be 
accounted for by differences in aggregate characteristics other than gradation. 

It has been shown that certain properties of concrete are affected to a 
marked degree by the kind of aggregate used. Similarly, in bituminous work, 
experience has shown that certain characteristics of mineral fillers, other 
than size, greatly influence the stability of the pavement. The significance 
of the time honoured physical tests for quality of stone, as a real measure of 
the value of fehe material as bituminous aggregate, has been questioned. 

Therefore, one of the problems confronting users of aggregates for bitu- 
minous work afe present time is that of devising a more satisfactory routine 
acceptance test for quality. Engineers in .America are, more or less, unani- 
mous in deploring the inadequacy of tho routine physical tests, such as the 
Deval Abrasion Test and the standard toughness test. This had a widespread 
support of road engineers in that country and has recently received experi- 
mental verification through a series of tests on different varieties of crushed 
stone conducted by Goldbeok. He shows that there is practically no relation 
between the results of the standard abrasion test and the resistance of those 
materiftls to crushing under a roller. These tests were conducted on a circular 
track lA feet in diameter constructed in the laboratory. The pavement 
sections comprising the track were subject either to the action of a roller 
when testing fehe aggregate alone, or to a pneumatic tyre when investigating 
surfacing mixture. 

In conuetion with roUer tests for quality of aggregate, reference should be 
made to the work done by the Highway Department of Georgia State in the 
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United States of America, In> this case, a hand roller is passed a definite 
number of times over a layer of the aggregate spread on a metal-lined runway, 
and the change in size is used as measure of quality. 

The circular test track used by Goldbeck is representative of a number of 
similar devices that have been constructed recently. Equipment of this type 
possesses great possibilities for the irapid investigation of road paving mixtures. 
It comes nearer to fulfilling the requirements for an accelerated test than any- 
thing yet devised. 

Accelerated service tests of the types referred to above while extremely 
valuable in developing basic data, are obviously not suitable for use as accept- 
ance tests. There was thus the problem of developing a simple, rapid and 
yet accurate laboratory test, the results of which may be correlated with 
behaviour under trafiiG , and which may be used to replace the present 
unsatisfactory standard physical teats. 

Such a result is obtained from what is known as Los Angeles Rattler Test. 
The method consists in running a 5 Killograms sample of graded aggregate 
for 500 revolutions in a cylindrical drum 2S inches in diameter and 90 inches 
in length together ^ with a charge consisting of twelve cast iron shot of the 
size and weight ^ as the small shot used in the standard brick rattler. 
The inside of the drum is provided with a single shelf 4 inches wide extendin'* 
from end to end. 


This test has many obvious advantages over the standard Deval Test, It 
15 much quicker. One such test requires only 5 minutes instead of five 
hours m case of the other. It is possible to test aggregate of the size used in 
actual work instead of requiring sample of quarry stone. The effects of im- 
pronounced, with consequently a much wider spread 
m good and poor materials than is the case with 

the Dei al Test. Moreover it appears that the results are independent of the 
shape of the aggregate particles, which would make it possible to apply the 
same specification requirements for Bajri and Chippings as for broken stoM^ 

Rattler Test may reveal the necessary 
m T f ff 1 *^® aggregate to resist crushing under the 

th^ibrnSn^esf ° repUice the toughness as well as 

the abiasion test. If so, it will be a distinct step in advance, not only because it 

will substitute one method for two, but also because it will then be possible to 
sal^leticd."""' shippings by the 

nfKnv realized that we, in this country, are badly lagging behind 

other countries in developing a suitable technique for testing our ag^-egates 
which IS essential for the economical construction of our roads. Theifis liow- 
eT^i, no cause for desponding ; as in the veiy near future a test track and mad 
laboratory should be functioning at the Government Test House, Alipore under 
the control of the Consulting Engineer to the Government of India (Road's)- and 

‘T f we should haTgon; an 

p eciably ahead with the research m aggi-egates available in this country.^ Amen ! 



APPENDIX 1. 


Tho following is a btiof suinmaiy of iMr. Krislman’s conclusion in his 
article referred to in para 1 of this paper : — 

(l) A general idea as to tho capacity of roadstonos to resist AVoar and 
tear can bo gained from tho ligiu'es of porcoutagc loss of weight in 
the attrition tests, Tho following classification has iiccii adopted 
by tho National Physical Laboratory of England: — 


Very good 
Good 

Eairly good 
Rather poor 
Poor 


Pcrcontago loss of weight. 
Dry Test. AVet Test. 

... Up to 2.0 Up to 2.0 

... 2.1 to 2.5 2.0 to 3.2 

... 2.6 to 3.1 3.3tod.O 

... 3.2 to 1.0 1.1 to 5.0 

... Over 1.0 Over 5.0 


(2) Tho best stones for road-making purposes are tho medium to lino 

grained, compact, basic rock with more or less equiangular texture. 
These include dolerito, basalt, and certain opidoritos. 

(3) The coarser grained rocks, acid typos and compact gneisses como 

next. 

(l) Granulites and hornfelscs also occupy a high place amidst road- 
stones. 

(5) The markedly prophyritic rocks aro liable to bo crushed under load. 

(6) The soft rocks like the limestones, shales, latorites and tho weather- 

ed types of sandstones are not suitable for any but light traOic. 

(7) Vein quartz and quartzite (except perhaps some highly ferruginous 

types) are generally to be avoided. 
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APPENDIX 2. 

Geological Olassipicaiion and Eesdlt op Tests accoeding to 
Bulletin 31, U. S. Office of Public Eoads. 


Rock varieties 

Per cent 
wear* 

Touglmess. 

Hnrilness, 

Cementing 

vnlue. 

Specific 

gravity. 

. Granite 

3.6 

15 

18.1 

20 

2.65 

Biotite-granite 

4.4 

10 

16.8 

17 

2.64 

Hornblende-gi'anito 

2.6 

21 

18.3 

30 

2.76 

Augite-syenite 

26 

10 

18.4 

24 

2.80 

Diorite 

2.9 

21 

18.1 

41 

2.90 

Augite-Diorite 

2.8 

19 

17.7 

55 

2.98 

Gabbro 

2.8 

16 

17.9 

29 

3.00 

Peridotite 

4.0 

J2 

15 2 

28 

3 40 

Ehyolita 

3.7 

20 

17.8 

48 

2 60 

Andesite 

4.7 

11 

13.7 

189 

2.50 

Fresh basalt 

3.3 

23 

17.1 

111 

2.90 

Altered basalt 

5.3 

17 

15.6 

239 

2.76 

Fresh diabase 

20 


1S.2 

49 

3 00 

Altered diabase 

2.5 

24 

17.0 

156 

2.95 

Limestone 

5.6 


12.7 

60 

2,70 

Dolomite 

5.7 

10 

14.8 

42 

2,70 

Sandstone 

6.9 

26 

17.4 

90 

2.55 

Feldspathic sandstone 

3.3 

17 

15.3 

119 

2.70 

Caloareons sandstone 

7.4 

15 

8.3 

60 

2.66 

Chert 

10.8 

15 

19.4 

27 

2.50 

Granite-gneiss 

38 

12 

17.7 

26 

2.68 

Hornblende-gneiss 

3.7 


17.1 

30 

3.02 

Biotite-gneiss 

3.2 

19 

17.5 

41 

2.76 

Mica-sohist 

4.4 


17.8 

30 

2.80 

Bio{;ite-schist 

4.0 



16 

2.70 

Chlorite-schist 

4.2 

... 


24 

2.90 

Hornblende-schist 

3.7 

21 

16.5 

63 

S.OO 

Amphibolite 

2.9 

10 


29 

3.00 

Slate 

4.7 

12 

11.5 

102 

2.80 

Quartzite 

2.9 

19 

18.4 

17 

2.70 

Feldspathic quartzite 

3.2 

17 

18.3 

21 

2.70 

Pyroxene quartzite 

2.3 

27 

18.6 

17 

3.00 

Eclogite 

2.4 

31 

17.4 

21 

3.30 

Epodosite 

3.6 

16 


47 

3.03 










. APPENDIX 3. 

Eepoet ok Test of Eoad Stones — N. Y. State Highway Commission, 1914:. 
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APPENDIX 4. 

BlBLIOGBAPHY. 

As mentioned in the text of the paper the only significant works carried' 
out, so far, in this country, in tho study of road aggregates is that done, since 
1924, at Government Test House at Aliporo, supploinontcd by tho petrological 
indontifications made by llio suocossivo curators of Geological ^hiseiuii and 
Laboratory at Calcutta. 

There is thus very little puldisbcd indigenous literature, on this sulyccl, 
available in this country and in writing this paper tho antlior had to get con- 
siderable help from tlic following standard works, on the subject, for wliicli be 
takes this opportunity of acknowledging bis grateful thanlts. Those who would 
like to make a detailed study of tho subject can refer to these works with 
profit : — 

1. ^lodorn Hoad Constructions by Francis Wood. 

2. Beinforced Concrete J. Singlaton-Green. 

3. Prineiples of Highway „ Wiley. 

Enginooriiig. 

4 Hoad Aggregates „ Knight. 

ij. The Testing of Bitu- 
minous Mixture. 

C. Highway Engiucer.s’ Hand- „ Ilarger & Bouncy, 
book. 



164 

DISCUSSIONS ON PAPER No. 37. 


Mr. R. L. Sondhi (Author) : — I have great pleasure in placing this Paper 
before the Roads Congress ; and in doing so I expect to enlist support for ray 
conclusions equally from the advocates of dilVerent road surface specifications; as 
whatever tlio mode of construction of a metalled road, water, tar, bitumen or 
concrete bound, the careful selection of the constituent aggregate is a cardinal 
necessity. It will perhaps be conceded by all the road experts gathered here 
that there is an economic use for ovory kind of stone. 

Mr, L. B. Gilbert (United Provinces) : — Mr. Chairman and Gentlemen, — 
Tho merit of Mr. Sondhi's very interesting Paper, if I may say so, is in his 
showing that a number of properties must be taken into account when 
assessing tho value of a road stone ; tho French co-etlicient by itself is not 
suUioicnt indication. His references to the Barton index of quality and the 
American system of weighted values ai'c very instructive, and it is unfortunate 
he did not go a step further and classify a series of road stone by both methods. 
Hud this boon done for the series in Appendix 2 or that in Appendix 3, the 
comparison would have been of considerable interest, and I am inclined to the 
view that a largo measure of agreement would have been found between the two 
classifications. Mr. Sondhi, possibly, was nob able to make the comparison 
beoauso he was not able to obtain, in the time at his disposal, crushing values 
for either of the series referred to. 

I have worked out tho Barton index of quality and the weighted value of 
Bonowo granite and Fife Dolerito from the figures on page 152 of tlie paper, and 
Imve obtained the following results 

Bonowe granite — index of quality 2.83 
weighted value 118 

Fife Dolovite — index of quality 2.1 

weighted value 53.3 

These two are, unfortunately, the only specimens for which siifiicient data 
has been given, but the results tally with the classification in the liist column 
of the table on page 152. Bonowo granite is undoubtedly “very good" and Fife 
Dolerito “poor" acooixling to both English and American standards. 

But there is one point on which I am not very clear, and that is the 
meaning of the term “abrasion figure" in the Barton formula. The co-eflicient 
of hardness (h) is obtained horn tho formula: — 

lr-20-f 

I have assumed that tlio Barton “abrasion figure” is represented in that formula 
hy w, and it is on that assumption that I h.avo worked out the indices of quality 
of Bonowo granite and Fife doleribe. I shall be very much obliged if Mr. 
Sondhi will let me know whether I have been correct in doing so. 

I cannot understand tho statement made hy Mr. Sondhi in the paragraph 
on page 162 immediafcoly preceding the table. As far as I can make out, the 
Barton formula gives satisfactory results which would, I believe, be supported by 
weighted values worked out by the American method. 

The two tormulffi referred to so far are designed for stone required for use 
in water-bound macadam. Similar forrouliB are needed for stone to be painted 
with tar or bitumen, and still others for stone to he used in grout, pvemix or 
cement ooncrote. Here an important practical consideration arises, In water- 
bound macadam the very bqst stone 9.ve.iiable D-t reasonable cost shoulfi be used, 
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but in the more e:spensive forms of consbrnction it is gnibe possible bhab an 
inferior, or ab any rate, a stone possessing different characteristics, might be 
suitable. This might mean the use of a cheap local stone in preference to the 
importation of. a more expensive one. The gap between the cost of good water- 
hound macadam and a more expensive form of construction might therefore be 
sufficiently reduced to permit of the more expensive form of construction being 
adopted. 

It may appear, iJnma/acifl, that, with the establishment of a Test Track 
at Alipore, the evolution of formulae for the classification of road stones is of 
only academic interest, bub 1 do not believe that view will stand serious 
scrutiny. Both methods are required. For the work on the Test Track to be 
really helpful and of immediate and universal application, it is necessary for all 
relevant characteristics of rbad stone in the different provinces to be ascertained 
by laboratory methods and tabulated. Each stone would then receive an index 
number for each of the different types of work in which it might be used ; 
water-bound macadam, painted macadam, premix and cement concrete ; the 
index number being obtained from the formula relating to that type of work. 
Tests on the track at Alipore might then, 1 would suggest, be carried out \Yith 
a different range of what might be accepted as standard stones. The report on 
the test of a new method of construction or a new material would then state the 
limits within which the index figure of the stone should lie for satisfactory 
results. 

Mr. W. I. Murrell (Bihar):— -Afr. Chairman and Gentlemen. — At first sight 
it would appear difticult to find any flaw in such an excellent paper as that 
contributed by Mr. Sondhi, but the subject is one on which I am very keen and 
perhaps something I have to say may be helpful. 

One criticism is that we are much more concerned with the wear of the 
road than with the wear of its aggregate. The tw’o subjects are not necessarily 
identical, for the very best road aggregate in the world might corrugate under 
modern motor traffic unless cei’tain considerations of the shapes and relative 
sixes of the pieces are given effect to. 

In the Jouraal “Indian Engineering” published on the 7th October, 1933, 1 
attempted to show how the corrugation of a road, under certain periodical wheel 
thrusts induced directly by the bouncing of motor vehicles, was a very similar 
phenomenon to the formation and augmentation of waves at sea under the 
action of wind. 

This article assumed that, in a I'oad corrugation, the crest of the cor- 
rugation Avas above the original level of the newly consolidated road, and that 
the trough was below such level. 

In other words, the macadam had moved w’ithoub actual disintegration, 
or it had “Flowed”. 

Let me now suddenly switch over to the “Handbook on the Coda of 
Practice for Eeinforced Concrete" recommended by the Building Besearch Boai-d, 
England, and recently acknowledged by the Indian Bailway Board when pub- 
lishing their 1936 Standard Code. 

The following are quotations from pages 12 and 14 of the Hand-book : — 

(i) “In the production of good concrete the aim should be to obtain a 
sufficiept degree of wgrkability The degree of workability.,..,,... 
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is largely governetl by the grading and shape of the aggregate 
particles." 

(u) Shape of particles — Two similarly graded aggregates, one 

consisting of ...rounded and the other of angular or crushed 

, particles, will exhibit markedly different degrees of woi’kability 

The rounded aggregate will produce a more workable concrete 

than one composed of angular pieces," 

(in) ‘Proportions It can be taken as a rough guide that from 

45 to 75 per cent of the total aggregate (fine and coarse) should 
pass through a sieve of aperture size equal to one-half of the 
maximum size of the coaraa aggregate. 

I now put it to all present that ordinary water-bound macadam with its 
mixture of large and small aggregates is not unlike a concrete. The similarity 
is increased if moorum, sand etc , have been used as a binder or a blinder. The 
similarity is further increased if the aggregates be damp or wet as in the 
monsoon, or in a badly drained road. 

This view accepted, it is seen at once tliat the road engineer must avoid 
both rounded aggregate and graded aggregate, no matter how excellent the 
metal in all other respects. 

^fr. Sondhi might, perhaps, have stressed a little more the question of 

shape. 

Another criticism one might submit Is that, among the tests to be applied 
to road aggregates, tliis paiierdoos not mention size gradation. To me it seems 
an important omission. And I must express complete inability to agree with 
Mr. Sondhi when he says that "Screenings act as a filler and binder for water- 
bound macadam." 

I would like to suggest, on the contrary, tlnat the only binding force that 
should be relied on in water-bound macadam is the mechanical intei’locking of 
pieces which are mucli the same in size. There should be no pieces of defi- 
nitely smaller size, Le , ‘‘screenings", to act a.s fulcnims or roller bearings by 
W’hich QUO piece of aggregate can move relatively to another. 

I would like to suggest further that, if any filler or binder is to be used, 
it should be a stabilised clay loam, sticky but non-shrinking. Even this filler 
should be avoided unless it is rolled in from the top as a blinder, and unless 
the surface is to be scaled. 

It may bo mentioned, as regards the.se screenings incorporated with the 
larger road aggregate, tliat they were once the cause of partial failure of one 
season's consolidation in a Sub-division of the Chota Nngpur Circle. Quartz 
metal had been used for many yeai.s care being taken to collect only quartz 
free from crystal cleavage. The life of such consolidation was 4 to 6 years. 

But in the instance referred to, failure by rapid corrugation took place 
within a year or two. The cause of this was neglect to prevent the collection of 
brittle quartz which became rounded under the consolidating roller, wdth the 
liberation of a largo amount of small stuff as internal chips or "screeniugs”. 

It would appear that the importance of having ungraded aggregate for 
W'ater-bound macadam is not sufficiently realized. I have even seen speoifi- 
p(itions for metal which insisted on the aggregate being graded, , Poubtless this 
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grave mistake was due to tlie Engineer having, in some mysterious manner, 
mixed up the re quirements for concrete work and for collection for water-bound 
macadam. 

It was therefore not a moment too soon for the Technical Sub-Committee 
of the Indian Roads Congress to suggest standard speoilioations for road aggre- 
gates, vide page 176 of the Proceedings of the Second Meeting of the Indian Roads 
Congress. 

As regards the prevention of gradation of road aggregate, I should perhaps 
explain how we in Ohota Nagpur practise what we preach. 

Metal collection is of 2 inch size, and stacks that contain small stuff 
passing a 1*1 inches mesh screen are rejected. 

As all maintenance consolidation is done after picking up the old metal to 
an average depth of 3 inches, there is obviously the danger that small stuff may 
come in from the picked-up material. 

Therefore, all picked-up material is immediatelv passed over a 1^ inches 
mesh screen and only that which the screen refuses, is allowed to be spread back 
in the road bed. 

It may be of interest to refer to further great economy attained by sub- 
sequent treatment of this stuff passing the inches screen. 

Before rain can get at it, this 1^ inche.s stuff is passed over a f inch, and 
then a i inch square mesh screen. ' 

The inches — f inch stuff is stacked for breaking to chips for seal coat 

work, thus reducing the cost of chips by about 60 per cent. 

The f inch — J inch stuff is used partly to blind the metal surface after dry 
rolling is complete, and partly as chips for seal coat work. 

NOTE. — ^Nofc more of this 3/4 inch — 1/4 inch stuff should be used during wet rolling 
than IS required to make the surface smooth-looking. If excess is used it 
will work into the metal and upset the mechanical interlocking 

The i inch — 0 stuff is used sparingly for spreading on the metal during the 
final stages of wet rolling or “polishing". 

Where sealing is not to be done, it is obvions that the inches — ^ inch 
and balance of the f inch — i inch salvaged material is available for the im- 
provement of the flanks or berms in the manner suggested by Mr. Trevor Jones 
in his Paper No- 82 contributed to this Road Congress. 

Perhaps I should mention that we have often tried consolidation with the 
new metal spread over a layer of mooram on the old road bed. But we have 
not yet succeeded in bringing this mooram blinder up to the surface dui-ing wet 
rolling, though the mooram was spread to the depth of nearly one inch in some 
cases. More mooram had to be added from the top, as a blinder, to complete 
the work. 

The diversity of opinion among engineers as to how road aggregates should 
be consolidated is so great as to amuse our layman friends ; and it is hoped that 
the Calcutta Test Track will, in due course, be able to help us in this respect. 

Assuming again the role of critic, I would mention that Mr. Sondhi’s 
Paper reminds me of a masterly treatment of this subject by A. L. Coulson, 
D.Sc. (Melb.), D.I,G., P.G.S., P.N.I., read at Dhanbad last November before 
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the Mining and Geological Instituto of Intlia, after Mr. Sondbi Imd submitted 

his paper. 

The title of Dr. Ooulson’s paper is “Testing the Wear of Koad Metals and 
.Aggregates,” and doubtless there will in time bo a copy in our Congress 

Library. 

My point is that the calling for tenders tor llio collection of load metal, 
the accoptanco of such tenders, and the supervision of Iho actual collection under 
the contract, aro all tho duty of Sub-Divisional and Divisional Ofiiceis. 

Also it is iny exporienco in tho Chota Nagpur Circle that tlic groat 
majority of this exocutivo establishment know only three kinds of road mclal;— 

Quartz— Tho mineral from dyke formations. 

. Bono — A whitish ciuartzito. 

Trap — Any metal other than the above two ! 

This includes a great variety of igneous and metamorphosed rocks, 
but there is actually no basaltic metal used in the Circla, 

The “co-efiiciont of hardness for homblendo schist", “tho French co-ellicient 
for quartzito" and such highly technical expressions, can mean absolutoly 
nothing to this most important executive oalablislmient as they cannot, in the 
first placo, identity tho rook concerued. 

It theroCoro seems that tho necessary fmst stop is to furnish each Divisional 
■ and District Engineer with a small geological collection of hi.s local rocks which 
have been “vetted" and named by real geologi.st.s. 

Then indeed will the lamps of Jfr. Sondhi and Dr. CouLson have something 
practical to shine upon ! 

As far back as 1910, as a lledgling gradiuilo, I was re.sponsiblo to the 
Country Eoads Board of Victoria, Austmlia, for reports on micro.scopical .sections 
and hand specimens of metal proposed to be used in l>ig Government contracts. 

Specimens for the formation of divisional geological collections aro now 
accumulating at Circle Headquarters at Eanchi, and tI»o Director of tlio 
Geological Survey of India has promised assistanco in tho identification etc., of 
tho specimens. 

May it tlierotore please be undci-stood that those criticisms anti romarks 
aro not tlio outcomo of lack of synipatliy and understanding. They are tho 
result of a desire to bridge tl>o abysmal gaj) between tho academic theory of 
road aggregates and tlio common onginceruig practice of road making 'and 
maintenance. 

Mr. A’. Nageswara Ayyar (Madras):— I cougratulato tho author of this 
paper Mr. Sondlii for tho immense pains he has taken to collcot tho information 
regarding tests on road materials and for tho lucid way ho has presented tliem. 
I am sure the information ho lias furnislied w'ill bo found very tisoful to High- 
way Engineers in- India. ° 

Regarding the Test House at AUpore, I rocoubly visited it and tho ollicor-ia- 
clmrge was-kind enough to lake mo round and explain the various tests tlint are 
being made ou vpad miitefiiils.. Unfortunately, I could not got a tftbwhilied list 
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sho'wing the materials tested so far and the results obtained under the various 
tests with regard to those materials. I am told that such a consolidated list 
is not being maintained. Unless full accounts of the tests made on road ma- 
terials are published from time to timo and made available to road engineers, the 
IDublio will not derive the full benefit of the tost house. 1 would therefore 
suggest that steps bo taken to keep samples of all materials tested along witli a 
card showing the quarry from which the materials wore obtained and tho test 
results in the headquarters museum of tho province wherefrom tho materials 
were quarried. Any amount of description cannot give ns a clear idea of 
the stones as can bo got by actual inspection of tho sampio. The museum is the 
best place for preserving these samples, as any engineer interested can liavo 
ready access to it. The results of tests so fur made may also bo collected and 
published for tho information of the onginoers. 

Soling is a vary important item on which I think this Congress should 
have a full discussion. .-V common specification for ijuilding macadam roads 
requires the provision of a hard and unyielding subgrado by packing stones six 
to nine inches thick and laying a coat of- road metal over il:. My personal 
experience is that wherever this type of soling was used, tho metal coat was 
in a short time ground to powder and blown away leaving tho soling exposed. 
This aspect was discussed in April 193G in the Madras Local Board and 
Municipal Engineer.s’ Association. The experionco of almost every engineer 
present was that a boulder foundation was positively harmful to a road. There 
is a road with heavy trafiic both in motor vehicles and hulloek-carts leading 
from tho Virudhunagar Railway Station to Aruppukottai in South Afadras. 
This road runs in a black cotton embaukraont two to three feet high. Some 
stretches of this road had a soling of boulders and it was found that tho metal in 
these stretches would wear out much quicker than in otlier places alfcimugli the 
metal was of the same hard variety of granite throughout. On close obser- 
vation the suspicion dawned on us that tho rapid wearing of metal coat in some 
stretches was duo to tho soling For some timo wo feared that tho removal 
of the boulders would be regarded as a retrograde step and against accepted 
specifications and tried otiier palliatives such as interposing a tliiu coat of gravel 
between the soling and metal coat. As these proved inelfcolivo we removed 
the boulder soling and laid a moorum base and spread tho metal coat over it. 
"We had good results only after this w’us done. 

We had constructed several miles of road in very bad soils like black 
cotton and we used to first lay a coat G to 9 indies thiclc of gravel, k.uikar, 
or moorum whichever is available close by and after consolidation spread a 
laj'er of hard road metal to a tliickness of about 4 inches. This procedure invari- 
ably gave us satisfactory results. In some cases sand was tried but proved 
a failure. The kankar or gravel coat over a black cotton soil acts as follows ; — 

1. It presents an impervious mat preventing water from soaking tlirou«h 
and wetting the black cotton. 

2. It distributes the pressure ns well as an ordinary soling does. 

3. It presents a resilient subgrada. 

4. It provides a good had for the metal coat thereby preventing lateral 
movements and attrition of the stones forming tho metal coat. 

The adoption of this method of constructing roads has very considerably 
reduced initial costs and subsequent maintenance was economical. ,I think tho 
specifications may be modified providing for a resilient carpet with gravel 
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kankav, moorum or lafcerite instead of a hard soling witli boulders. 

Recently I bad noted certain facts which give further information on tlio 
subject. In a portion of a heavy traffic road in Bamachandraimram in East 
Godavari District, a three inch layer of hard trap metal was laid in November 
1930 to a depth of 3 inches and width of 12 feet over an old laterite road in which 
the depth of laterite metal was about 5 inches. This road carries a traffic of 
over 700 bullock-carts and itO buses per day corresponding to a traffic ou the 
road of 1200 tons or three hundred tons per yai'd width par day. This road 
has been standing well with a little patchwork. In a similar stretch between 
Dowlaishweram and Kadiam over one mile was similarly treated in the same 
year and this too has been standing quite well so far. The traffic on this road 
is even heavier than what obtains in the previous case. On the other hand the 
same metal used on a granite metalled road does not stand for more than 3 
years although the traffic in the latter case is only about half that obtaining on 
the two roads previously referred to. These observations indicate that good 
results can be obtained only by providing a resilient soling like gravel or kankar 
or. laterite and laying a hard metal coat not exceeding 1 inches in thickness. 

Methods of construction have therefore as much to do in tlie economical 
construction and maintenance of roads as quality of materials. If experiments 
bn test tracks be made with materials laid in different ways now in vogue 
these will give valuable information. I do feel that although numerous 
experiments have been made on roads constructed with different forms of 
bituminous materials practically no tests or improvements have been made in the 
construction of macadam roads and these still continue to be built as per specifi- 
cations laid over a hundred years ago by the famous inventor Macadam. For in- 
stance admixture of a little lime-stone screenings referred to in page 153 Section (b) 
of the author’s paper have been found by me to give a considerably increased 
life to a macadam road and prevents the disintegration of stones in the hot 
weather. As it is admitted that for a long time to come macadam roads will 
continue as rural roads in this country it is highly necessary that improvements 
have to be effected in the methods of construction and maintenance of these. 
Information as to the maximum Aveights and speeds which these roads can 
safely stand would have to be found out and the loads and speeds limited to 
what they can stand for the benefit alike of motor traffic and bullock-cart traffic. 
In the Madras Presidency at any rate parallel roads on a large scale for the 
motor traffic Avill not I think be financially possible for a long time to come as 
the cry for more roads and bridges is incessant and all available funds have to 
be spent for providing them although even now we have over 25000 miles of 
metalled roads nearly equal to half the total milage of India. 

Mr. E. F. G. Gilmore : — I am not going to say anything in detail about 
the results. I find the paper specially interesting as it voices a definite re- 
quirement that the Test House at Alipore should supply more information in 
connection with tests of road metals. That point has also been impressed upon 
me after examining the behaviour of the Jhansi stone in its various methods of 
use in the various places we have visited on these tours. As a result of this, I 
shall take early steps to introduce the impact and cementation tests. It has 
occurred to me, however, that information generally covering these details is 
provided by the remarks made by the Geological Survey incorporated in our 
reports, and in that connection I think it would be of interest if Col. Haig could 
tell us what remarks were made by the Geological Survey and included in the 
report on this atone, which, I understand we have tested. 
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Mr. E. P. G. Gilmore : — ^Well, these details are, I think, covered by their 
examination. Their remarks are, however, in the form of an expression of 
opinion, and I think it will be better if these characteristics are covered by 
actual test figures. 

The author of the paper wants road tests on bajri or chips. That has not 
hitherto been possible with the available equipment at the Test House. Mr. 
Meares, however, drew my attention some time ago to a miniature track for 
such tests which has been developed in the United States, where they have 
become expert on tests and specifications of road materials and construction. 
This miniature track was reported on in the proceedings of the American Society 
for Testing Materials 1934, and we have discussed them and propose to put 
down such a miniature track in the new laboratories which 1 visualize will 
develop in the near future at the Teat House. Meanwhile, the discussions 
which we had the other day in the Technical Sub- Committee in connection 
with the preliminary series of tests to be carried out on the main track cover 
that material. 

1 want to take this opportunity of pointing out that the putting into 
practice of the various proposals in this paper and those that have been made 
by members else where as regards additional testing and research are going to 
cost money and are going to require staff. We at the Test House are a very 
small body. We have a staff of six gazetted oflicers together with a staff of 45 
technical assistants, under whom are mistries, khalasies and so on, and we do 
work covering a wide range. If work in connection with the testing of materials 
for road construction is to be undertaken seriously, it will mean a considerable 
addition to that establishment. It requires consideration as to who is going to 
provide that. 

Mr. K. G. Mitchell (Government of India): — In connexion with what Mr. 
Murrell has said that there was no way of relating the tests and petrological or 
geological description of stones to the actual stone used in practice, if some of 
you will send me during the course of the next few months two or three repre- 
sentative samples of the stone you use with its local name we will arrange at 
the time of the next Eoad Congress to exhibit a series of road stones giving the 
local name — the geological names, the French co- efficient and other information 
of that kind. If you think that is a good idea we shall arrange to have that 
done. In most cases wo shall, I expect, be able to trace the tests aheady carried 
out but in one or two cases we may have to have fresh tests made. 

A point on which Mr. Nagaswara Ayyar wishes the opinion of the Congress 
is whether specifications which require rigid boulder soling can safely be departed 
from. Ho cannot expect the Congress to give a definite and sweeping opinion, out 
of hand but I imagine that everybody will agree that when yon are using a 
brittle stone in the surface resilient solmg is better than rigid 

Mr. G. M. McKelvie (Central Provinces):— Mr, Chairman and Gentlemen, — 

I had not intended to speak on this paper but the observations of Mr. Murrell 
and Mr. Nagaswara Ayyar came as a surprise to me and I thought I should say 
a few words about our experience in the Central Provinces. In the Central 
Provinces we do exactly the opposits to what both Mr Ayyar and Mr. Murrell 
generally recommend and our road*, are very good. We have no corrugations 
as apparently exist on Bihar roadi and no ruts or pot holes as in Madras. We 
use boulder soling— nearly every jvhece where there is black cotton soil and 
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from 3/8 inch and downwards. Mr. Murrell said bhat he kepb sizes from 
2^ inches bo 2 inches and excluded the resb. This came as a surprise bo me. 

I think, as Mr. Mibchell ^as just said, it is all a question of the brittleness 
of the stone available for road metal. In the Central Provinces about 95 
per cent of the roads are metalled with basalt ballast and the old specifi- 
cations which were so thoroughly condemned by Mr. Ayyar are certainly suit- 
able for our conditions. I think every province must have its own specifications. 
We are proud of our water-bound macadam roads in the Central Provinces and 
Berar and our existing specifications are generally satisfactory. 

Colonel W. de H. Haig (United Provinces): — There are only two minorpoints 
that 1 want to mention, in regard to Mr. Sondhi’s Paper. He refers to the 
Bitumen carrying capacity of stone. 1 understand that the Bitumen Companies 
in Europe and America do have a test for that and I think it would he extremely 
useful if. Alipore could instal a machine for that purpose. I, personally feel very 
great doubt whether stone, which appears to bo the best under the ordinary tests 
for water-bound metal, is necessarily the best when it is to be used in conjunc- 
tion with either tar or Bitumen. Granite, which was mentioned just now, 
is what we hove been using for a good many years in the central part 
of this Province and in and around Lucknow but I have very grave doubts 
whether it is really suitable for use with either Bitumen or tar. It is a fact 
that in the Agra and Meerut area whore we have used several differant stones, 
including Delhi quartz, surface painting has, generally speaking, lasted much 
better than it has in the Oawnpore and Lucknow areas. You may say, “What 
about the traffic On the average the tonnage of traffic in the Lucknow and 
Oawnpore divisions is greater than near Agra and Meerut but, at the same time, 
there are miles here which take no greater traffic than those in the west and 
which do not last as well. I rather feel that the capacity to carry Bitumen or 
tar may be one of the reasons why brick ballast has been successful : I have 
never had brick ballast tested by the ordinary Alipore test but I propose to send 
a sample for that purpose and some of this brick ballast, burned at the roadside 
on the Lucknow-Cawnpore Road is here to-day for you to see. I would not be 
surprised to find that although brick ballast proved inferior to granite under the 
ordinary test for road metal that it showed a greater affinity for Bitumen 
and Tar. 

Another point mentioned in Mr. Sondhi's Paper was the question of chips 
, and their liability to be crushed. We have on two or three occasions carried out 
rather a “Heath Robinson” test to ascertain the relative orushability. We took 
ohipsof several kinds— four or fivo— screened them so as to keep only those passing 
a 3/8 inch sieve but retained on a 1/4 inch sieve ; in other words chips all of one 
size. We then took a measured quantity of these and spread them on a concrete 
. floor and passed the roller over them a definite number of times. The remains 
were then swept up and sieved. The percentage which was found to pass the 
1/4 inch sieve was regarded as having been crushed and it was found that there 
was a very great variation between tbe behaviour of different stones : I think 
the percentage crushed varied from about 18 to something like 45. I do not 
claim that the tost is accurate but in the absence of anything better the result is 
perhaps useful. 

Mr, 0. D, H. Meares : — I did not intend to speak about bitumen carrying 
capacity but in view of Ool. Haig’s remarks it might interest you to know how 
wo actually test this. The term “bitumen carrying capacity” is really a 
‘ misnomer as it refers to the property peculiar to certain aggregates of carrying 



173 


more bitumea fchan ofchers due 6o variatioas in surface texture. A better 
definition of the phenomenon mentioned by Mr. Sondhi is , “Asphalt-water 
affinity”. 

Certain aggregates will unquestionably hold bitumen in the presence of 
water and others will not. The test developed by Nicholson gives an indication 
of this “Asphalt- water affinity” and is one which can easily be carried out by 
anybody, the only apparatus required being an ordinary wide mouthed jar. 

The aggregate is first pulverized to the grading of a coarse sand, and great 
care must be exercised in doing so to see that the tools, etc., used are clean and 
free from rust as Iron Oxide will affect the result. Mix the pulverized 
material with a little bitumen liquefied with kerosene oil — usually 1 gallon 
kerosene to 2 gallons bitumen will give the desired consistency. Use as little 
liquefied bitumen as possible to got every particle coated. 

Place about 50 grams of the mix in a jar, add some 100 cubic centimetres 
distilled water, and shake for 15 seconds. In some cases you will find most of 
the bitumen has stripped off the stone. This result seems to be brought about 
by two separate and distinct actions, — either by mechanical stripping due to the 
aggregate preferring a water coating to a bitumen coating or by actual emulsifi- 
cation of the bitumen by some chemical constituent in the aggregate. If strip- 
ping does not occur immediately, shaking should be continued with frequent 
pauses for inspection for 30 minutes. An aggregate is considered satisfactory if 
there is no stripping during this period. 

I believe this property of certain aggregates to be of the utmost importance 
in asphalt road construction, and can quote several instances of failures which 
are probably directly attributable to poor asphalt-water afiinity. The condition 
is easily corrected but work in this direction is still experimental and it is too 
early to speak yet. I think in the course of the Technical Sub-Committee's 
deliberations we should bring this matter up with a view to standardising a test 
such as the one described, but suggest that in the meanwhile any of you who 
are interested should try it out yourselves in order to collect as much data as 
possible. 

Mr. K. L. Sondhi. (Authar) : — I am very grateful to the gentlemen who have 
very kindly offered criticisms. I will now try my best to reply to the points 
raised by them. JMr. Murrell says in earlier part of his criticisms that the 
subject with which my paper deals is one on which he is very keen and he feels 
that if ever he had anything useful to submit to any Boad Congress it is now. 
He informs us that as far back as 1914 as a fledgling graduate, he was 
responsible to the County Hoad Board of Victoria, Australia, for reports on 
microscopical sections and handwritten specimens of metal proposed to be used 
in big Government contracts. All present will, therefore, agree on the point 
that if any one was proper person to read a paper on this subject it was Mr. 
Murrell. It may be perhaps that Mr. Murrell due to his thoughts working 
back to his fledgling stage deprived us from getting advantage of his ripe 
experience. He has been rightly selected, now, as a member of the Committee 
to obtain papers. Mr. Murrell says that we are much more concerned with the 
wear of the road than that of its aggregates. This reminds me of the very well- 
known mythical story about the individual members of the human body revolt- 
ing against the body forgetting that they themselves constituted the body. 
The wear of a road surface will depend on that of the constituent parts and as 
explained in the paper aggregate is the important constituent and this paper is 
meant to concentrate our attention on that particular member of the surface body. 



As regards iihe phenomenon of cormgaMon referred to by Mr. Mnrrell I do 
not think its consideration arises out of this paper, the object of which is stated 
in its opening paragraph. 

My feeling is that corrugations would not occur in the water-bound surface 
with the ordinary motor traffic unless the consolidation was defective to start 
with. This would be the case if the blinding material, i.e., screenings are introduced 
too early in the operation of consolidation. Another cause may be that the rolling 
is not done properly and crests and depressions caused by defective rolling are 
already there in the finished water-bound surface before traffic is allowed on it. A 
common mistake that occurs is that the roller is left,. due to careless supervision, 
last thing in the evening, on wet consolidated portion. The surface not having 
dried may yield to the weight of the roller and a hollow is formed, similar 
phenomenon may be caused by local yielding strata in the subgrade with the 
result that pounding action is encouraged by the rythmic action of motor lorry 
traffic. I am afraid I have nob had much opportunity to study or deal with the 
problem of corrugating in water-bound surfaces, which phenomenon appears to be 
a formidable problem that road engineers in Bihar, Orissa and Bombay Provinces 
have to face. In this connexion I can only suggest that we in the Punjab do our 
consolidation work perhaps so well that this trouble does not occur. Our speci- 
fications were, in a way, roughly outlined by Mr. Bashiraiu during the discussion 
on Mr. Dean’s Paper, when he referred to the contrary practice he noticed in 
Delhi roads. By reference to the excellent paper on the subject of conngations 
presented at our Inaugural Indian Eoads Congress, 1934, by Mr. Cousens it will 
be seen that his conclusions after careful study of the surface so affected were 
that corrugations were not universal but only occurred in cprtaiu miles, said 
that no definite cure had yet been discovered; bub ho suggested that possibly the 
use of sand as blindage, either by itself or mixed in other blindage, is the cause of 
corrugation. If sand is eliminated there is no corrugation. Worst corrugations 
occur when blindage is entirely sand and so on. These investigations relate to 
laterite metal roads. It will appear from the suggestions by that expert that 
corrugations are due to adoption of wrong specifications and are not the fault 
of aggregate as suggested by Mr. Morrell. The remedy, therefore, is as indi- 
cated in my paper in inventing suitable specifications for each class of work and 
standardising aggregates to suit each class of suilace. 

It will be further seen from my paper that I have attempted to recommend 
what q,ualitie 5 'are desirable in aggregates employed for the different classes of 
surfaces and it is assumed that each specification will be laid down only in a 
standardised method which may have to be determined or altered by extensive 
experimental work on the Test track or under actual road-traffic. Thus my 
recommendations about the qualities of stone suitable for w’ater-bouud macadam 
apply to a road which will not 'flow* in the manner indicated by Mr. Murrell. 
Mr.. MurreU first throws out a suggestion that water-bound macadam with its 
mixtm-e of large and small aggregates is like concrete and says that I might have 
stressed a little more on the question of shape and gradation. 

This requirement is indicated for water-bound surface at page 149 
under fi'racture Test and for Bituminous and Cement Concrete surfaces 
at pages 153 and 154. I have laid what I consider to be reasonable stress 
on these important requirements in my concluding remarks at pages 155 and loo 
but I would agree with my critic that more stress could be laid with advantage 
on some of these requirements. Mr. Murrell also takes exception to my re- 
marks that “screenings act as a filler and binder for water-bound macadam . 
I agree with him that mechanical interlocking is the sheet anchor of water- 
bound macadam and that screening .should bo introduced at a lata stage oi 
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doasolidafcioa. Anobhec mebhod adopted bo suit cerbain vaciebies of aggregate 
is bo work up the material from below. I have nob yet had the opportunity 
of seeing the masberly paper of Mr. A. L. Ooulson, referred to by Mi*. Murrell, 
but will try to get a copy of it, as soon as I can and am indebted to Mr. 
Murrell for informing me about the existence of such a useful mine of in- 
formation. 

As regards Mr. Gilbert’s remarks I intended to tabulate the “Indices of 
quality" and ‘weighted values' but could nob do so for the reasons correctly 
guessed by him. 

It is interesting that he has kindly worked out these constants for two 
rocks for which the data was available in the table at page 153 of my paper. 
Mr. Gilbert is correct in assuming that “abrasion figure’’in Barton’s formula 
and "W” in the formula L=20 — ^ for co-efficient of hardness are identical 
things. 

The statement made by me in the paragraph at page 152 immediately 
preceding the table is intended to mean that we should carefully tabulate in- 
formation about the actual behaviour of stone available in different localities, 
and evolve local formul® similar to those of Barton and others, after careful 
examination of such I'esults. 

I agree with Mr. Gilbert that further pursuits in the investigation of 
qualitias of stone may he expected to lead to economy by developing specifications 
which could also allow the use of inferior stone by clothing it with special 
binders. 

As a result of experiments on stone aggregates at the Alipur Test House, 
I look forward with Mr. Gilbert to the classification of stones with index numbers 
indicating their relative utility for different classes of road surfaces. This will 
incidentally end with the fear of Mr. Murrell that his road subordinates will find 
it difficult to understand the existing technical terms indicating aggregate quali- 
ties. Moreover the research work in aggregates expected to be cai’ried out at 
Alipur Test House will gradually disseminate the requisite theoretical knowledge 
amongst road engineers and as a result the trade will find specifications tightened 
up and inspections becoming more critical. 

Mr. Nageshwara Ayyar stated that a list of tests carried out at Alipur was 
not available to him. This was published in the “Indian Roads’’ and is the 
basis of the present paper. I am afraid Mr. Ayyar has nob perused his copies of 
the magazine. Mr. Ayyar’s remarks about boulder soling foundations are 
interesting and deserve further investigation. It will be seen that I have not 
ventured to lay specifications ; but have only indicated a line of action in this 
respect. Contrary to the experience of Mr. Murrell, Mr. Ayyar found early 
incorporation of screenings as suitable. 

Mr. Gilmore has kindly agreed to supply more detailed information about 
stone tests, including impact and cementation tests from his Test House at 
Alipur. I believe in accepting thankfully that is given and then .agitate .to get 
more. He observes that routine tests on_“Bajri”_and .grit have not yet been 
stadardised. As Bajri is a very costly item of road work in the Punjab, I hope, 
Mr. Gilmore will take early action in the matter, on the lines of the American 
practice referred to in my paper. I am glad that, in his remarks, Mr. Mitchell 
has helped me by answering most of the points raised by the speakers in the 
discussion of my paper. I hope, as a result of the investigations he proposes to 
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gofe oamed oub ab bhe Boads Laboratory, the theory of the ’resilient’ soling 
verans the unyielding” one will be thoroughly gone into. The proposed 
examination of representative samples of stone from various localities is also 
sure to lead to useful conclusions. 

Test for chips described by Ool. Haig is an interesting one and may with 
some modifications be adopted at the Alipur Tost House for determining 
comparative qualities of stone chips of different localities, to determine their 
suitability for various specifications. 

Mr. Meares has described to you the usual Asphalt-water affinity test. 
I hope similar tests, will also be included by Mr. Gilmore in his standard tests 
for aggregates. 

Finally I hopo the co-ordinated efforts of road engineers all over India and 
the Boad Laboratory ab the Test Houso directed on road aggregates will lead to 
economies which may allow a longer railage of roads being constructed even with 
our existing resources. 

Chairman :~I thank Mr. Sondhi for his paper which has led to a most 
interesting discussion. Before 1 leave the Chair I would like to propose a vote 
of thanks to Bai Bahadur Chhuttan Lai who has vacated the Chair after holding 
it for the whole year with credit to himself. 

Col. G. E, Sopwith : — May I also say one word ? I think I shall have the 
feelmg of the whole meeting with me when I propose a vote of thanks to Mr. 
Mitchell who has worked more than anybody else for this Congress and he has 
to do this in addition to his other work. I think wo all are deeply indebted 
to him. 

Mr. K. G. Mitchell: — I thank you very much, but as a matter of fact I 
did very little and my friend Mr. Jagdish Prasad did the whole thing. 


Chairman : Mr. W. B. Badice. 

Chairman:— I call upon Bai Bahadur S. N. Bhaduri to present his Paper. 
The following Paper was then taken as read : — 


Paper No. 38. 


SUBMEBSIBLB BBIDGE AOEOSS PAEBATI EIVEB AT 
MILE 231 AGE.A-BOMBAY EOAB. 

BY 

Bai Bahaiktr S. N. Bhat^ri, B.A., G.E., M.I.E., Chief Engineer 
P^iblic Works Department, (hoalior Government. 


The Parbaii Biver crosses the Agra-Bombay Boad at mile 231 from Agra. 
This river has a catchment area of 2,l44 sq. miles at the site and has been 
observed during floods to rise over 48 feet above its lovvest bed level. Before the 
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coustracbion of the Parbati bridge the only means of crossing the river ^va3 
provided by a causeway about 5 feet above the dry season water Jevel of the river. 

^ 2. In the rainy season communication between the two banks of the 

river was maintained by a ferry boat. But during floods even this means of 
transport bad to be abandoned till the water level came down to a depth of 
about 20 feet. 

3. Owing to this break in the line of communications on an important 
trunk road, great inconvenience was felt by the public, and all kinds of traffic 
were held up for days together many times during the rainy season. The 
necessity of constructing a high-level submersible bridge in place of the existing 
Irish bridge was under the consideration of the Owalior Government for some 
time past. 

4. In June 1933 an estimate amounting to Es. 3,75,000 was submitted to 
the Government of India for the construction of a reinforced cement concrete 
submersible bridge for provision of funds from the Eoad Eund Eeserva. The 
Government of India having kindly consented in November 1933 to meet half 
the cost, tenders were invited. 

5. In consultation with Mr. K. G. Mitchell, c.i.E , Consulting Engineer to 
the Government of India (Roads), tho tender of Messrs. Indian Patent Stone 
Co. Ltd., (Managing .Agents, Messrs Bird & Company of Calcutta) was accepted. 

6. General details of the bridge are given below : — 


(a) Span 

103 feet 

(5) Rise of arch from springing to intrados 

21.25 feet 

Cc) Thickness of arch at crown 

21 inches ' 

(tf) Thickness of arch at springing 

36 inches 

(c) Height of pier from lowest bed level to sprin- 
ging level 

2o.37 feet 

(f) Thickness of pier at springing 

8.5 feet 

{<j) Thickness of abutment pier at springing 

18.5 feet 

(/i) Height of intrados at crown above lowest 
bed level 

46.62 feet. 

(i) Heiglit of roadway above lowest bed level ... 

50.30 feet. 

{]) Overall length of bridge from wing to wing ... 

988 feet. 

(/;) Overall width of bridge 

21 feet. 

[l) Clear roadway 

18 feet. 


7. Orders were passed by the Council of Regency Gwalior Government 
in February 1934, to proceed with the construction and actual work at site was 
started on the 15th March 1934 after the centre line of the bridge had bean 
correctly laid out, at 245 ft. down-stream of the existing causeway. 

8. With barely three months for the rains to set in, it appeared an uphill 
task to complete the foundations of all the six piers including an abutment pier 
before the monsoon. Even in the months of April and May, water-level in the 
river remained abnormally high being 4 feet above the mean bed level. Constant 
pumpmg from the pits of all the six piers had to be resorted to while makin« 
excavations. An air compressor with pneumatic damolishers had also to be 
installed to expedite excavation in rook. Diiiintegrated trap rook was found 
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down to an average depth of 5 feet below the lowest bed level. After this depth 
good hard rock was met with on which all the piers except No. 1 were founded. 

In the case of pier No. 1 weathered rock was found on the surface. As 
this was removed disintegrated rock was met with. Borings disclosed this 
formation to a depth of 20 feet. It was, therefore, decided to found this pier on 
disintegrated rock, (locally called Bhisa), at a depth of 12.5 feet. A solid block 
of cement concrete 12.5 feet deep and of proportion 1:3:6 was laid to carry 
the pier masonry. 


9. Besides filling the foundation of piers with concrete, side filling of 
foundation pits upto rock level was done in cement concrete to obviate any. 
possibility of future scour by the river. Three concrete mixing machines were 
at work and it is to the credit of the Conti’aotors that they completed the 
foundation work and brought up the masonry of the piers (which consisted of 
coursed rubble in cement mortar proportion 1:4) to n height well above the 
October level of the river, before the rains set in. This enabled the Contractors 
to start work on the piers immediately after rains. 


10. During the rainy season no work on the piers was possible bub 

materials of ooustruction were collected. It was not till the end of October 1934- 
that work could be resumed. , 

11. At this stage a proposal for raising the formation level of the bridge 
by six feat was approved by the Consulting Engineer to the Government of India 
(Boads), as it was seen that by doing so, the road level would be above the 
highest recorded flood level. It was also found that the amount required for 
this raising could, bo met out of the prospective saving of the total grant for the 
bridge. 


13. Before dooidiog about the raising of the bridge it was ascertained 
that the increase in height of the piers would not in any way effect their 
stability and that no tension would bo produced at any transverse section 
of the piers. Above the moan bed level of the river the piers including 
the abutment pier are made of 15 thick casing of coiused rubble masonry 
in cement mortar (1 : 4) with cement concrete hearting ( proportion 1 : 3 : 6 J. 
The faces of piora are chisel dressed to present a smooth surface to flood 

waters. 

13. Through tho entire height of tho piers, old rails of 43 lbs. weight per 
vacd are’ placed vertically to serve as reinforcement. These are spaced 5 a feet 
apart in two rows 3 feet on either side of centre line. By means of cross rods 
these rails ara anchored into rook to prevent slipping out. 


14 Eot the abutments, hearting of .solid masonry in cement mortar 
proportion 1 : 4 is used lor half the height, above this to the springing level of 
Sch cement concrete hearting ( proportion 1 : 3 : 6 ) is used. It was observed 
that this proportioning gave satisfactory result for hearting. 

15 Tho arches have been designed on the generally accepted elastic 
theory and are calculated to withstand a ma.ximum loading of 12 
StandLd Units including allowance for impact. Provision for the follow n^ 

effects has also been made: 


(1) Arch shortening. ^ 

(2) Temperature stresses (range of temperature being taken ± 30° P.) 

(3) Buoyancy. 
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(4) Thrugfi due to velocity of approach of water in high floods (which 
is nearly 10 feet per second). 

A feature of the design is that stresses due to dead load of the arches are 
eliminated by making the axis of the arch coincide with the line of pressure. 

Detailed calculations for the Bridge done by Dr. Eorni, Chief Enginere for 
the Contractors are given in the Appendix. 

16. Longitudinal reinforcement of the arches consist of 3/4" diameter 
mild steel rounds placed 8" centre to centre both at top and bottom having 

2" cover of concrete. 

» 

Cross reinforcement is by rounds 3/8" diameter placed 12" centre to 
centre, 3/8" diameter stirrups placed 2 feet apart join top and bottom reinforce- 
ments of the arch {vida plate No. 1). 

17. To a passer-by, the timber centering for supporting the arches 
appeared a very complicated affair. In reality it was a very simple arrange- 
ment of scantlings of ‘Hardwickia Binata’ (called Anjan) obtained from the 
forests of the Central Provinces, Juhbulpore. Longitudinally they were P^ced 
6'-14" centre to centre and transversely 5 feet apart both resting on 10" X 5 
Salwood sleepers. 

The verticals were effectively braced both horizontally and diagonally to 
form a very rigid frame, {vide ijhotograph No. l). By this arrangement the 
load on the centering was distributed to the made up soil on which the sleepers 
rested to a figure much less than J a ton per square foot, allowable for such 
stuff. Wooden forms conforming to the curvature of the arch were carefully 
fixed to the tops of the verticals at required heights. Teak wood planks of an 
uniform width and thickness were laid on the curved forms and properly fitted 
and planed to have a smooth surface. 

18. A skilled gang of about a dozen fitters, assisted by a couple of 
carpenters, erected one complete staging in three weeks. Before allowing 
reinforcement bars to bo laid in position, several points on the profile of the 
intrados of the arch were checked and any errors in the levels of these were 
rectified. 

19. By the middle of February 1935 the centering of the first arch was 
ready. As there were three sets of centerings on the work, concreting of 
arches proceeded without any interruption till the end of June 1935 when all 
the arches were completed. 

20. It was found that with one concrete mixing machine of 10 cubic 
feet capacity it took nine days of eight-working hours each to complete one 
arch requiring 5,908 cubic feet of concrete. 

Cement concrete for arch work consisted of 1 : 2 : 4 mix. Coarse 
aggregate which was broken from black trap stone was carefully graded from 
3/4" to 1/4" size. Sand from the river bed was used after washing and 
screening through 1/8" mesh screen. The quantity of water was regulated 
so as to give concrete of the right consistency for reinforced concrete work. 
It varied from 5 gallons to 5| gallons per bag of llOjlbs. (nominally 112 lbs.) 
of cement. 



180 


21. During tlie whole time that the coaoreting of the arch was in 
progress, continuous supervision by a capable staff thoroughly acquainted with 
reinforced concrete work was maintained liotli by the department and by the 
Contractors, special care being given to punning and ramming. Everyday 
a compression tost cylinder (G" diameter X 6" high) was cast from concrete 
actually going into the arch. After maturing, every third cylinder out of 
them was sent to the Government Tost House. Alipur. Test results are given 
in Table No. 2 from which it will be seen that the average crushing strength 
of concrete varied from 4,100 lbs. per square inch to 3,192 lbs. per square 
inch against a minimum strength of 1800 lbs. per square inch required by 
speciGcations attached to the Contractors agreement. 

22. The usual procedure during construction of arches was to do the 
skew backs first and then start arch work. First day's work was done on one 
side of the arch adjoining one of the skew backs. On the second day work 
was commenced on the other side, from the next skew back. On the third 
day concreting was done in continuation of first day’s work. On the fourth 
day second day’s work was continued. On the fifth day, the third day’s 
work was carried forward. On the sixth day the strii) done on the fourth day 
was continued. On the seventh day concreting was done at tlie crown on 
both sides of the centre line of the arch in order to prevent any tendency for 
the centering at the crown to bulge up. On the eighth and the ninth days the 
gaps remaining on each side of the crown strip were filled up and the arch 
completed. 

The advantage of this arrangement was that it allowed nearly 36 hours 
to elapse befm'e concrete was laid adjoining any strip previously done, allowing 
ample time for internal shrinkage to take placo without causing additional 
stresses while setting. 

The spandril walls are made of coursed rubble stone masonry in cement 
mortar 1 : 4, From the springing level to a hoiglit of nearly 14 feet thickness 
of those walls is 4 feet, after which the section gi'adually reduces in steps 
and at the top whore coping is laid it is la feot. Inside the spandril walls, 
filling of haunches is done with lime concrete in which plums to the extent 
of 8 per cent were used, [vide plate No. 2). 

23. An allowancD of l" was mado in the centering at the crown for / 
dofiection likely to be caused by the load of concrete, A further allow- 
ance of 1“ w'as mado for plastic deformation, which in the case of 
couoi'oto arches may take place after they have been subjected to loading. As a 
matter of fact, it was observed that on the removal of centerings, the actual 
sinkage at the crown of arches vareid from to 

No plastic detlection has so far been noticed even after testing the bridge 
with a moving load of six steam road rollers of 12 tons W'eight each, 

24. Transverse expansion joints havo been provided in the spandril w'alls 
over each pier and at abutments ; the allowance kept is 2" (vide plate No. 3), 
It was considered desirable to cover those expansion joints both on up-stream 
and down*stroam faces of tho spandril walls by an arrangement of an elbow 
shaped ashlar wall which would also prevent water in high floods from rushing 
freely through the opening of tho joints as indicated m the plate refen-ed to 
above. It gives an apponraneo of a rectangular ashlar pillaret rising from Uie 
top of cut water and screening tho joint. As a suitable finish to this pillaret, a 
podostal in cream coloured cement resting partly upon the pillaret and partly on 
tlio coping, built in a manner to preserve tlie expansion joint beneath, has been 
erected over each pillaret. 
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25. A sand cushion of 12" is provided over tho crown of arches. Six 
inches thick liino concrete increased iipto S\“ at the centro of tho road is laid on 
this sand enshion, allowing a eiunher of 1 in 50 to the road surface. Tho for- 
mation lovel of tho bridge is level throughout. On top of tho liino concrete a 
layer of clean sand about 2" thick is spread before laying cement concrete for 
the roadway. This has been done to allow a free sliding surface for tho concrete 
roadway. The cement concrete for tho road was laid in two layers — one of 4" 
thicknes.s and the otlier of 2 inche.s. 

26. To xirevent cracks due to variation in temperature, reinforcement in 
the form of hexagonal hoops 22 inches across and made of l.V'X 1/8" flats was 
laid on tho 4" laj'er of cement concrete and then the surface finished by placing 
the top layer of 2". The road surface was subsequently treated with three coats 
of silicate of soda. 

27. Tho coping is of reinforced cement concrete feet wide by 9" high 
with a gi’oovo 4-^"x 4^", made centrally to take tho collapsible miling (vide plate 
No. 2 showing cross section of spnndril walls and roadway). It will be noticed 
that after every two lengths of railings a reinforced cement concrete whcolguard 
of the same height as tho railing r/>., 3 feet has been placed. Tho object of 
building these is to indicate tho roadway in case of its being submerged fluring 
extraordinarily high floods. 

28. Bailings of a collapsible type .arc provided (ride pinto No, 4). By 
taking out special pins by means of a key, the railings fall into tho groove pro- > 
vided in tho coping and are therefore out of tho way during floods. After tho 
rains they can bo rc-evcctcd without any difficulty or delay. 

29. The bridge roadway was tested with a rolling load consisting of six 
steam road rollers of 12 tons weight each in the following way :~ 

(1) Three roller’s wore taken over the bridge from North to South with 

10 feet space between. 

(2) Again these were taken from South to North with a spacing of 

0 foot. 

(3) Then six rollers were taken over at intervals of 5 feet. 

(4) Six rollers arranged two abreast rvith 5 foot sjiacing between each 

pair were then taken over the bridge. 

(5) Three roller's from each side of an arch meeting at tho crown of 

tho arch. 

(6) Finally six rollers were taken over the bridge at their maximum 

speed with a spacing of 5 feet. 

(Te.st results arc given in Table III). 

30. To record the deflection produced on each arch tho apparntu.s 
described below was improvised with the help of Mr. P. D. Tambat, Eetired 
Agriculture Engineer, Gwalior Government : — 

A piano wire with a free weight at the lower end was hung from tho 
crown, the quarter point and the third point of each arch. The weight 
consisted of a piece of channel iron freely moving in another channel iron guide 
of a slightly larger size, (vide photo No. 4). To the weight a pencil arm was 
fixed in such away that the pencil could mark the defiection on a drum carrying 
a piece of section paper. The drum was put in motion by a string controlled by 
a float placed in a cylinder full of water, This oyliiidev had three holes at the 



bottom which wove pln-gad by pieces of cork. Theao holes wore calibrated in 
such a way as to give the drum one complete rotation in 1/2, 1, and 2 minutes. 
As soon as the steam rollers arrived near tho end of an arch, the plug suitable 
for the particular test was removed and the drum began to rotate. The de- 
flection duo to the moving load on the bridge was marked by the pencil on the 
drum. Maximum bulging recorded was l/l6 at Quarter point of the arch, with 
six rollers going two abreast at a distance of u feet between each pail' and at a 
speed of 2^ miles per hour. 

31. Eoughly 1,35,000 cubic feet of cement concrete was done on this 
work including aroh work. 82.5 tons of mild steel for roinfovcoment wore used 
in the arches and nineteen tons of old rails were placed in piers. Eighteen tons 
of mild steel were used in collapsible railings. 1278.5 tons of Sun Brand cement 
were consumed on this work. Abstract estimate giving quantities of ditTorent 
items is shown in Table I. Total cost of bridge is Bs. 3,75,000/*. 


32. The usual method of rating the cost of a bridge per foot run of 
length from abutment to abutment, or oven per square foot of waterway or 
roadway does not give a sure basis of comparison of cost ns between bridges of 
different types and sixes. Probably the fairest comparison of cost of bridges 
may be made by dividing the cost of the bridge by tho cubical contents of the 
openings. By this method the rate per cubic foot of opening of the P.avbati 
bridge works out to 


.3,75,000 

7X3915X21 


= Rs. 0.G.5 


The rate per foot run of bridge (length 
988 feetj 

The rate per sq. ft. of opening (area 
7X3915) 

The rate per sg. ft. of roadway (clear 
width 18 feet) 


= Bs. .379.05 
= Bs. 13.GS 
= Bs. 31.08 


commenced on tho 15th March 1031, and comnloted 
tested with moving loads mentioned in para- 

iablo III and are very satisfactory. ^ ^ 


The bridge was opened to traliio on tbo 1st Juno, 1936. 
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TABLE I. 

Parbati bridge at mile 231 of Agra-liombay Hoad. 
Abstract of works done and expenditure incuncd. 


S. No 

I t 0 lU s 

Unit 

Quantity 

Bate 

Amonut 

1 

ICxcavation ot wot soil 

%o eft. 

2I8I8.II 

27/. 

C7U/l/[i 

2 

Excavation ot bard rode 

• 1 

C81C0.1D 

110/- 

0130/10/3 

3 

Side flllinu of tronebos 


87483,C1 

12/- 

1019/12/10 

•1 

Coment conercto 1; 3: G in fonudation and sfdo 
UilinS 

% eft. 

42C38.7t 

01/. 

27238/12/3 

5 

U. It, Stono lunsonry in coment 1:1 ... 

** 

8872.92 

10/- 

1181/8/8 

0 

Stouo uiasourr in couiont mortar 1 : 1 nbovo sill 
lovol 


GiO.lO.ri 

48/- 

32010/liS/1 

7 

Siipplyini! & Uxiiig -12 Iba, old rails in luiisonry 

rlt. 

3Ul3..'i 

-/12/- 

2200/2/. 

s 

Coment couercto 1 : 3 4 in caps of cut water 

%cft. 

7;o.99 

8.'i/. 

001/3/8 

9 

flnlcd comout paiutlng 1 ■ 3 mortar 

%srt. 

29.'>18.r8 

0/8/- 

1920/10/8 

10 

Cbisul dressing to (ucc-stouo masonry 

„ 

41327.97 

12/8/- 

HO.’i/ll/ll 

11 

1 : 2^ : S It. C. concrolo for skew back 

eft 

7U;i.9l 

2/1/- 

1.1918/9/9 

12 

1 : 3 : 4 It. C. conercto fur Arcb work 

»» 

ll.1.’2.9.'> 

2/8/- 

IU33H2/U- 

13 

1 

X*liim lliUQ concrolo in baiinclios ... 

%cft. 

C999I.U8 

29/- 

13998/3/3 


Sand and biijri flllinti fur road eiisbiun «. 

•• 

7218 

71. 

.'.91/1/1 

IS 

1 : 3 ; 4 coiuont coucruto for road siirfuco 

^ »» 

8828..’>.'> 

mi. 

8828/8/9 

1C 

n. C. 0. coplnii 

: eft. 

19U1.C3 

2/8/. 

471I/I/11 

17 

Fislns botdiuQ down bolts for cullupsiblo railintl 

No. 

C3G 

1/1/- 

79.1/. 

10 

Excavation of dry soil 

%u eft 

2UI1C9.72 

12/- 

245U/-/1S 

19 

liiino concrete in foundation of wini{s nitli 4U per 
cent mortar ... | 

%cft. 

0119.2.1 

22/- 

1310/3/9 

20 

Stone iiiasoury in lime mortar above '<iU level ... 1 

»> 

U 11 17,39 

3-/. 

31 13 1/8/0 

21 

Collapsible railings 

rft. 



7821/. 

22 

Approach road ... 

E. S3. 



9021/- 

23 

Iiand compensation 

1 



174/12/8 

2i 

PiCcliiug for side banks of river and praCeeCiro .. 
earth work 


1 

1 

i 

4013/11/7 

2.'! 

Excavation of soft rod: 

%'clt. 

1201 

TUI- 

88/8/9 

29 

Couiont coucreto 1 - 3 - C in licarliuK of piers 

?i eft. 

2l4.-i-.93 

00/. 

1II02/3/0 

27 

Coiiicut concrotc I ; 4 ; 8 in bcaitiug of ubntmonts 

eft 

8013.91 

•'!•*/> 

1121/2/8 

23 

Comout conercto 1 : 2) ; !i for backing of skew back ... 


17911.40 

72/. 

1289/2/- 

29 

Comont concrete 1 : 3: 4 : with 3/1* stone cbips to 
fill grooves of exiiuusiou joints 

»* 

1 

tO-’i.ba 

31/. 


30 

Stono masonry in coment uiovtar 1 : 0 in hearting 
of abiitmeuls 

»» 

mu.i.dS 

11/- 

3110/4/7 

31 

Iiinio concrolo below roadway of cemrut concrete 
with 33 p c. mortar 

f. 

9093. 01 

20/- 

1899/11/7 

33 

Ashlar slono masouiy for protcctiug oxpausiou 
joiuts , . ! 

eft. 

1291.73 

1/8/. 

1892/9/0 

33 

1 ; 2 : 4 R, C C. corbelling under ashlar pillars at 
expansion mints of abiitiuont 

3.1 

2/8/- 

b7lSj^ 

3i 

Slaking groovos in masonry and Using copper slicots 
in expansion Joints 

>* 

zxt. 

433.08 

1 "/S/* 

213/1.1/. 

3S 

Fixing copper sheets on horizontal expansion 
Joints 

I» 

171 

1 -jl/-. 

10/11/. 










. 

TABLE I — (Conlinned). 


S. No. 

It omB 

Unit j 

Quantity 

Bate 

Amount 

30 

Coppfiir flbcets 1/16* thick foi^ expAusioc joints 

cwt. 

SO 


1835/14/0 

37 

Bxtva Band Qlline for ouabion 

%oft. 

13075,10 

3/B/- 

457/10/- 

38 

Sand filling between wings 

II 

17448.22 

3/8/- 

010/11/- 

39 

1 : 2; 1 B. 0. 0. wbeel fiuarda 

clt. 

264 

2/8/. 

660/. 

40 

Pedestal in wbite water proof cement 

No. 

22 

about 

853/14/3 




40/- 






each 


a 

Laying tbe road surface in two layers with hoop 






iron reinforcement for ptovenlion of tempera- 
ture cracks 


8828.55 

-/2/. 

1103/9/1 

42 

Hoop iron for road reinforcement 

cwt 

05 


007/10/3 

43 

Bending and iaying hoop iron reinforcement 

It 

00 

1/1/- 

75/- 

44 

Supplying Silicate of soda 

cwt. 

10 

12/- 

120/- 

4.9 

Uendeiing with Silicate o( Soda three coats 

%cft. 

25077.59 

2/- 

513/8/9 

46 

Billing mexphalt and sand in expansion joints of 






road, extra length 

rft. 

1769.5 

-/8/. 

879/13/- 

47 

Itxtra lot staging 

Bpau 

7 

300/. 

21001- 

48 

Extra lift of masonry and lime concrete 

%cft. 

301400 

1/- 

3044/. 

^19 

Extra lift for arch and skew bock concrete 

It 

803GO 

l/B/- 

756/0/4 

so 

'Pemporary staff quarters 




10200/7/11 

St 

'Heating of the bridge 



i 

2812/. 

53 

Work establishment ... j 

@ 4 % 


> 

83C8/15/3 

S3 

Contingencies 

® 0 % 



0816/. 

Ql 

Supervision charges 

@10% 



23701/10/1 


Deduct 4 nor cent, on cement concrete items for 




3,80,418/10/10 


USA ol locAl ol ttlodb lliver eanA ar 





per agreement with Contractors 




G.418/I0/10 


ToxAr. 



Bs. 

3,76,000/./. 









TABLE II. 

Statement of results of compression test of cylinders of concrete actually (joing into arches of Parbati bridge at mile 231 

Agra-Bombay Bond. 
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fei 


The stall en]2)loyod from the beginning to the end of construction of arches was the same. 



TABLE III. 

Statement shmving the results of testing Parbati bridge on wHe 281, Agra-Boinbay Bead, 

P.TVII}., Gwalior Government. 


'SHI'S (SStf 


’dn aajStnq sajonap-Jf 
aoi.taau^P pMAiTJiiop sB^ouap— • 



.OS/t+ - •" .Of/t+ ■" - ,0«t+i 


































APPENDIX 


0.u:iCULATiONS OP Paebati Bridge. 

BY 

Dr. M. A. Korni. 


Tho Bridge will bo of 101 foot span, — width between faces — 21 feet. 

The elastic arch is fixed under tho assumption that tho piers and abut- 
ments will have no settlement. 


Tho method of calculation is according to tho theory of Prof. Marsh. 

Tho oquatious of Elastic properties of tho aroli aro only for the Bending 
Moments, which aro ossential in this case. 

It has boon assumed that tho statical undotorminato reaction in A is 
removed and replaced by a stress xVV which is a component of tho forces 
causing a moment “M" and Horizontal forco “H" and vertical force “V”. 
This renders us a statically dotorminato system with a fixity in B. 


.'. tho equation will bo: — 


(1) 0= J^ds.ij+a.t.l 

(8) o=/i^» 


♦Y 



Ma; means B.M. at any point x. 

There is Ma/=Mo+M— Hy— V®. 

The point 0 has boon chosen such that : — 
''xds 


and 


/ 
/ 


J 

J 


Assuming 
equations: — 


ds 


=dv), the magnitude of H, M and V, can bo found from tho 


Tj._ 2 Mov.<v. 4-E.a.AZ 

^ 2 J l 0, 


M= 


V= 


2 Mo(i> 

2 (I) 

2 Mo.x.(i>. 


2 X®. w 

In our calculation we have made tho arch of Equal lengths S. Thereforo 
the f sign has been replaced by 2 and thus dvo—v) 

, , I 


•S 
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X 


a 


1"=1 

in. 


P=1 

in. ‘•’If, ' 


-0.435 595.8 

— n Onn I rn., « 


2 ~' 1/2 
wy(a~- 


-13.0 


“■» I -5,,M ( 


6' I -0.168 1 J63.6 i 


325.98 

I 

I 325 98 


8' 

1 -0.064 

:j 385, 

10' 

1 

1 0.0491 

1 301.; 
1 

12' 

1 

p 

CO 

1 2I9.C 

14' 1 

' ( 

0.280 ! 

1 

133.2 

t 

0 

i 

0.462 j 

43.8 

B 

1 



* 262 

j -265.0 

176 j 

1 

f 

—335.6 

1 ' 

1 83 1 

1 

1 

389.35 

! 0 

-408.8 1 

1 

0.00 


! I 325.98 

I I 

I 325.98 
-205.0 . 325.98 

-335.6 32593 

-389.35 325.98 I 

-408.8 325.98 

325.98 I 


H 

0.04 
I 0.158 
0.354 
0.577 
0.819 
1.04 
1.21 
1.26 
0.00 


H=: « 




+//s 

~l/s 
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p=l 

in 

/> 1 

I ^ - £ *2 

1 iv{a-x)^ 

\ a 1 

^+//3 

-r. 

1 .. 

! 

P=1 

in 

y^wia-x) 

a 

M 

B 

1 

0.00 ! 
i I 

0.076 

0.00 

1 

A 

47.573 

626 

1 

2' 

1 

1 i 

! .073 

) 

1 

.076 

! 0 96 

i 

2 

43.093 

1 

1 

568 

4' 

1 

322 

.076 

f 

4.25 

4 

3S.361 

505 

6' 

.822 , 

i 

076 

10.8 

6 

33.075 

\ 

436 

8' 

1 

1612 1 

1 

.076 

21.3 

8 

27.913 

369 

10' 1 

1 

1 

2.842 1 

.076 

37.5 

10 . 

22.738 

300 

12' ! 

4.495 1 

1 

.076 

59.2 

12 

17.863 

235 

14' 

6.729 ! 

1 

.076 , 

88.8 

14 

13.415 

177 

C 

9.616 ! 

1 

076 ' 

127 

c 1 

1 

9.646 

127 


M = 


2 w{a-x) 
a 

^ + «/3 





i92 


P=1 

in 

EBlHi 

B8HH 

H 

B 

V 

B 

0.00 

7346.5 

j 0.00 

A 

1.00 

2' 

13.2 

7346.5 

.0059 

2 

1 

1 0.9941 

i' 

185.8 

7346.5 

.0253 

4 

1 

, 0 9747 

6' 

457.7 

7346.0 

.0624 

6 

0.9376 

8' 

817.5 

7346.5 

j 0.115 

8 

0.885 

10' 

1398.0 

7346.5 

i 

0.191 

10 

0.809 

1 

12' 

2066.7 

7346.5 I 

0.282 

12 

0.718 

14' 

2837.5 

7346.5 

0.386 

14 

0.614 

0 

3673.25 

7346.5 1 

0.500 

C 

1 

0.500 


2 ~l!a 

toxia-x) 

Y=. ?■ 




+ 11 3 

I “ 

'-II a 


tl}X‘ 
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CENTRE SECTION. 


0.0 I 0-0 


-H.!/ 

]?=ll 

lU 

Mos 

u 

—Hi/ 1 

0.0 X 50 1 0 0 
= 00 

A 

i-626 

i 

626 ' 

1 -0.0 

i .01X50 _i.o.l 

1 =-2.0 ; 

2 

[ 

1 — 566 

! 

i 566.90 

1 

-2.0 

1 

! 0.153X50 0.65 
'1 =-7.9 

•1 

-500 

I 

50-1.25 

1 

1 

1 -7.9 

i 

i 

1 

0351X50 _g9 
= - 17 7 

6 

] 

,—121 

; 131.3 

j -17.7 

1 

i 

. 0.577 X 50 _ 7 (j 
; =-23.9 

8 

’ — DIG ! 367-3 

i 1 

1 -28.9 

1 


0.0 

-1.0i 

-3.65 

-6.9 


O.t'lOX.OO _.. .> 

0.0 37.5 • 

1 ,0 1 5^ 00 4- 7 .1 

09.2 ' ^^5-2 

I 


l.aiXSO aao 
= -G0(> 


1 


10 '-OG-I ■ 299.5 1 - lO-S j 

i ! 

VI :-l76i 235.2 i -52 | 7-2 

„ ,_3S 1 ITM ! 



Ms= Mo 4 +M-Hi/ ^>c ^5-0.0 

>J 


=50" 















SPBINGING SECTION. 
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MA = MoA+M-H.yA- 


DISPEHSION OF LOADING. 


For .spanflril filled arches which comprise a curved slab it is customary 
to consider a longitudinal strip of slab one foot wide. 

In this typo of Bridge tlie concentrated wlieel loads will spread through 
the filling and whore tlie minimum depth is -l' - O" from Ll>e point of contact 
to the Intrados of the Arch Slab, the standard train of wneel loads may bo 
considered to ho uniformly applied. 

In flat arches having less than the above stated minimum depth the 
liroportion of each point load coming upon a longitudinal strip of arch 

amounts to 

a+2i) 

The point loads are applied to the influence line diagram in the usual 
manner. 


P 





SbB 




. 




A " FILLING ^ .• '• 

•« X . / e °. • 'P • o. .. o\ 0 . . _ 

* 0 R.C.ARCH A;;*.. 

1 

- a j- o r» wl. _ 


^ a.T<dU 


DISPEHSION OF WHEEL LOADS. 



197 




198 



6T 6T 



2-7T 27T 



Keaction ftb Gi'own for 12 ton Load 

=^-^=1.33 tons/ft. 

9 


Eeacfcion at Crown for 5.4T Load 

= 0.515 tons/ft. 

lO.o 


Eeaotion at Crown for 4.2T Load 
4 2 

= :^=0.40 tons/ft. 
lO.o 


6T 67 



Reaction at 10' distance from the 
Crown for 12T Load 

19 

tons/ft^ 

Reaction at 10' distance from the 
Crown (for 6.4 Ton Load) 

~ =0.432 tons/ft. 
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2.7 T 2.7 T 



6T 6T 



Beaoiiion afc 20^ from fcho Crown 
for 12 T load = ^ = .857 ton/fb. 


Beacfcion ali 20^ distance from 
the Crown for 5.4T Load 


„ 5.4 
10.5' 


'.348 ton/fti. 



Beaction afc 20' distance 
from Crown for (4.2T 

Load) = .^^ = .271 fcon/ft. 
lo.5 


When the depth of filling is more than 4' load is taken as uniformly 
distributed. 


Uniformly distributed load (for 5.4®, 5.4® & 5.4'-’ load at sections where 
depth of filling is more than 4' — Q^O = ~ -0387 tons per sq. ft. 
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Unifmnly distributed load, (Fov 5.4’’, 5.4® and 12® load at seobiona where 
bha depth of filling is more than 4'— 0")=(^g+-^'^T+j|)^27=0.0576tonsW. 

Uniformly distributed load, (Fov 5.4®, 12® it 4.2® load at sections where 

the depth of filling is move than i' — 0”) = (,^‘- + 77 /27=0.0546 tons^ft^ 

\15.5 14 15.5'/ 

Unifomhj distributed load. (For 5.4®, 4.2® it 5.4®, load at sections where 

the depth of filling is more than 4 ') = f -j-— ;27 = 0.0308 tons per 

'15.5 lo.y 15.0' i 

sq. ft. 


SBGTION.S 

DRAD LOAD 
Uniformly distributed 
Ibs/ft- 

RESULTANT 
DEAD LOAD 

lbs. 

1 - - - 

4140 

20674 

II 

3100 

17030 

•III 

2040 

• 128C0 

IV 

1360 

8860 

V 

928 

6500 

VI 

070 

4800 

VII 

491 

3600 

VII.I 

428 

3140 




Bead Load Horizonbal thrust 

20674 X 0.02 = 415 
17030 X 0.099=1690 
12860 X 0.256 = 3300 
8860X0.466=4140 
6500 X 0.698 = 4540 
4800 X 0.93 =4460 
3600X1.18 =4060 
3140X1.24 =3900 

26505 

.'.Total Bead load horizontal thrust =26505X2 

=53010 lbs. 

Bead load B.^I. is calculated as given below. 

Bead load B. HI, at Springing 

20764X22 24=461,000 
17030X57.22=977,000 
12860X72.0 =927,000 
8860X68 =602,000 

6500 X 46.5 =302,000 
4800X11.5 = 65,200 

- 3,324,200 

3600X30.5 =110000 

3140X68.5 =215000 
3140X95.9 =302000 
3600X107.0 =386000 
4800X99.85 =479000 
6500X83 4 =542000 

8860x60.5 =535000 
12860X35.125=453000 
17030X11.14 =242000 
20764X20.91 = 60000 

-3324000 

Total dead load B.M. 

= - 3324200+3324000 
= - 300 which is riegligiblg. 
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Maximum B. M. at Spein&ing. 

(Due to Live load} 

44i48Xo =1111 

2 


44 48 70.0 2^2^- Q 

2 

0.857X10=8,57 

-70.0-74.0 32 _^ggQ 

0.0358X1537.1=55.0 • ■ 

2 

63.67 in tons. 

-74.0-62.0 j^g g _442 Q 

maximum negative live load B.M. 

- 62,0 - 47.0 X 3 g9 _ 214.0 

= 63.57 in tons 

^ 1637.1 



= -143000 in lbs. 

5.82^x 5 _j^^g3 

0.0387X927.2=36,0 

5.82+22.45^ 5.5-77.7 

0.515 X 84= 43.2 

22.45+47.8 j^g 32-222 

1.09 X 107 =117.0 

2 

0.271 X 93= 25.2 

47.a+73.3ygg _ 3 g^ 

2 

0.432 X 31= 13.4 

X3,68 =288 

234,8 in tons. 


927.2 

Maximum Positive Live load B.M. =234.8 in ton 3 = +527000 in lbs. 


Horizontal Thrust at Springing. 
(Longitudinal Strip of Blab 1'^ wide). 

0.0358X7.644=0.273. 

0.857 X 0.91 =0.78. 


1.068 

Corresponding H. T. due to live load causing maximum negative B.M. 
At Springing =1.063 tons =2360 lbs. 

0.0387X7.644=0.295 
0.515 xl.26 =0.65 
0.109 X1.13 =1.23 
0.271 X0.91 =0.246 
0.432 X1.13 =0.49 


2,911 tons. 
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Corresponding H.T. duo to live load causing maximum positive B.M. at 

Springing =2.911 tons, 

=6520 lbs. 


Dead Load B, M. (Cektbe Section). 
20674 X -0.52= -10800 
17030 X -2.35= -40000 
12860 X -5.28= -68000 
8860 X -7.25= -64200 
6500 X -5.15= -35400 


-218400 

4800 x+ 1.95=+ 9360 
3600 X +17.7 =+ 64000 
3140 X +46.1 =+145000 

218.360 

Total Dead load B.M. at centre sootion=2 (-218100+218360) 

=2X - .10 
= - 80 in lbs, 
which is negligible. 


Maximum B. M. (Oenibe Section). 


Due to Live load : 

— § X 3.68= -23.9 

X 6.5 = -47.0 

2 

-6.9-3.65 ^ g 32 = - 33.4 

-3.65- 1 . 04 X 5.0 = - 12.9 
2 

-1.04X5= - 2.6 
119.8 

=Area under uniCormly 
distributed load 


1.33X64 =85.0 
.432X24 =10.4 
0.336X24= 8.06 
0.348X -0.1= -0.0348 
0.348X -0.1 = -0.0318 
0.0387X119.8= -4.65 
0.0387X119.8= -4.65 

+103.46 in tons 
- 9.996 in tons. 


Therefore Maximum Positive live load B. M. 

= 103.46 in tons. 

= 103.46X2240 
= 234000 in lbs. 
Maximum Negative live load B. M. 

= —9.996 in tons 
= -9.996 X 2240 
=22400 in lbs. 
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IIOUIZOS'i’AL TlffiOS'i’. 


At the Crown 
(causing Maximum 


; ( Longitudinal strip of 

B, M. at the crown). 


Blabl'wido). Due to Live load 


1.33 X 1.26=1.67 

0.132X1.13=0.485 

0.336X1.13= 0.88 

2.535 tons. 


0.348 X0.91 =0.316 
0.348 xO.91 =0.316 
0.0387X7.644=0.296 
0.0546X7.644=0.417 
1.345 


0Xi4^_01Q0 

2 

0-04+0.15.8x 5,5=0.544 
2 

0-158+0'?.^X 6.32=1.630 
2 

0.354+0.577ygg_<inop 

2 

0-577+0 :7 3 33== 2.350 
^ 7.644 

Corresponding H.T. due to li 
at the Crown =1.345 tons 
=3020 lbs. 


Corresponding H.T. duo to live 
load causing maximum B, M. 
at the Crown 

= 2.535 tons 
= 5670 lbs. 


load causing maximum negative B. M. 


Variation op Tumpbraturb. 

{Vide ‘‘Reinforced Concrete Bridges" by W. L. Scott.) 

"When an arch is subjected to a change in temperature it undergoes an 
alteration in length. If the abutments are immovable the span between 
thorn remains unchanged. It therefore results that the arch exerts a thrust 
or a ‘‘puli’’ upon the Abutments accordingly as the length of the arch is increas- 
ed or decreased," 

"Actually, of course, the Arch will never exert a pull on the Abutments: 
since the thrust due to vertical loading will always be greater force causing 
an opposite thrust to be exerted upon tho arch by the abutments. The "Pull” 
mentioned above will ellect a reduction of thrust and the resultant moment 
induced in the Arch needs to be added algebrioally to those produced by the, 
super-imposed loading." 
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Now the change in the length of the span if the Rib wei'e free to expand 
or contract would bo=nf 


3 


Where n is the change in length per unit^ length and I is the span of 
the arch. 

As the span cannot change in length because of the Rigidity of the abut- 
ments Total Horizontal displacement is zero. 

And as there can bo no change in the 
level of the supports. 

Total Vertical Displacement =0 

/B 

—ds = 0. .And also as there can bo no rotation of th^ end sections. 

BI 

Total angular displacement = O 
El' 

by g linear v aviatious is —Tiif+lltja.' 

H.qa is the end fixing moment' and since horizontal forces only are considered 
qa is the height of the point of application of horizontal thrust above the 
level of both springings. 





^ds=0. In a symmetrical Bib tho B.H. in the Arch Sections produced 



/•B H , 

Bu\is , 

A BI +. 


B Hr uds 

, /"“H. qa. xds 

A 4 

BI 

^ A El 


Employing the assumption with regard to the curve of the arch axis i.e. 
I = IcSeo where Ic is the moment of Inertia at the crown aud «=« is the 
angle which the arch axis makes with the horizontal and E is a constant. 

ra 

We have by multiplying throughout by E & U, / Ic. n.L 

.V 

-H.Io -H f^ij-dx+Bga H vdx±^.l,.iu /. - HIc 

ds— - x.y. dx'\-'B..qaJ'^ x.d.v — 0. 

On further Reduction wo have ; 

/•B r^dx 

/ Myd®±E. Ic n. 1. - H. / -r= 

■'A •'a a 


-H. TT fl+B..qa. %fl±B.lc.n.L--'^^-=0. 

A V 


.( 1 ) 


r 

''A 


Ma-dj; X 


-^+H(zn|=0 (2), 



206 


From Equations (1) and (2) : — 

4i>. 1^1 lo* 


An=±‘ 


4/i +45^“- 
Ab 


or, Horizontal thrii3t==± 

4 / 


Tlio factor 




small in comparison with -l/’ and so it is neglected. 


A 'Eise' of Temperature produces an increased thrust on the Abutments 
and causes a negative bonding moment above the level of the Elastic Centre and 
a positive bending moment below this level. 

Conversly, a similar fall in toinpcraturo reduces the thrust upon the abut- 
ment and produces bending moments equal in amount but of opposite sign to 
that caused by a rise in temperature. 

Maximum variation from the moan temperature is taken as 80® F. 

n = O.OOOOOG X 30 == 0.00018 

E=Oo-otliciont of elasticity of concrete =2000000 lbs/ in®. 

H = ± Due to temperature. 

4/ 

lo = Moment of Inertia of concrete “ X 12 X 21®= 9300 in*. 

1.2 


Moment of fncrtia of Steel 

= (m - 1) X 2 X 0.66 X (10.6 - 1.2)® 
= 11 X 2 X. 66X9.3® 

= 1600 in.‘ 


Total Equivalent Moment of Inertia 
=9300 + 1600 
= 10900 in,* 

/=2G‘i 

• tt - I ^ 0.0001 8 X 2000 000 x 10900 

* 4X264X264 

= ±635. 

B. M. at Crown =635 X (264 -214) 

=635X50=31800 in lbs. 

B. M. at Springing = 635 X (0-214) 

= 635X -214 
= - 136000 in lbs. 



MAXIMUM B. M. AND COBEBSPONDING THRUSTS. 


At Crown 

Positive B.M. 
in lbs. 

Corresponding 
Thrusts lbs. 

Nogativo B.M 
in lbs. 

Corresponding 
Thrusts lbs. 

Dead Load 

0 

53010 

0 

53010 

Live Load 

23-1000 

5G70 

-22400 

3020 

Temperature 

31800 

-635 

- 31800 

635 

Total 

265800 

' 

58015 

- 51200 

56665 


At 

Springing. 

Positive B.M. 

Corresponding 

Thrusts. 

Negative B.M. 

Corresponding 

Thrusts. 

Dead Load 

0 

53010 

0 

63010 

Live Load 

527000 

6520 

- 113000 

2360 

— — 

Tempei'ature 

136000 

637 

- 136000 

-637 

Total 

663000 

60167 

-279000 54733 


CENTRE SECTION. 


0 O P 0 c 0 ‘O' 0 - c O ■ -o ■9 ‘— 0 9 9 



Area of steel (top) = 13.8 in“ 


Area of steel (Bottom) = — — — 

•Ii.b m" 

Area of concrete =21 x 12 x 21 =6280 in“ 
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Takiug M=15 \va havo Total iiroa F=5280 


386 


56CG sq. in. 

27.Gxl.i=38Gsq. in. 

Total Momont ol tlio Inertia of the Section 

= jJjX 21X12X21* 

=197000 plus 14 X 27.0X9.3"= 31000 J.C., 231000 m' 
Taking Longitudinal Strip of Slab wide 


Area of 


Socton= 


oGGG. 
21 ' 


2G8 sq. in. 


Moment of Inertia of tlio Section = 


2^0M 

21 


= 11100 in. 


jPoj' positive B.M. 

Maximum positive B.M. =265800 
Corresponding Thrust N= 58015 lbs. 


Maximum Compressive Stress 


58045 265800X10,5 
268 '*■ 11100 


r + ^'“216+251=167 
A I 


lbs. per sq. in. 


Maximum Tensile stress=21G— 251= -35 lbs. per sq. in. 
(For negative B.M.) 

maximum negative B.M. =51200 in lbs. 

Corresponding Thrust N= 56665 lbs. 

Minimum Compressive Stro3s=^— 

x\ i 

_566G5_ 51200 X10.5 

“ ’2G8 "moo 

=211-51 
= ICO lbs, per sq, in. 

Maximum Compressive Stros8=21l+51 

=262 lbs. persq. in. 


T 

33 

-i. 

I-, ^ 2l'*0’' -»| 


SPRINGING SECTION. 


Area of steel (top) = 13.8 in'* 
Area of steel (bottom) =13.8 


27.6 in" 
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Area of concrete = 21 X 12 X 33 
= 8260 3q. in. 

Taking m = 15, wo have Total Area I? =8260 

386 


8646 sq. in. 

Total Moment of Inertia of the Section = X 21 X 12 X 33“ 

= 772000 plus 14X27.6X16.3“ 
= 92000 i.e. 864000 in*. 


Taking longitudinal strip of slab i* wide 
Area of Section = ^^^=412 sq. in. 


Moment of Inertia of tho Seotion= 


864000 

21 


=41200 ill*. 


For Positive j5.il/. 

Maximum B.M. 663000 in lbs. 


Corresponding Thrust N= 60167 X 1.59 lbs. 


Maximum Compressive Stress= 


N , Mif 
A I 


_ 60167 X 1.59 , 663000 X 16 5 
412 41200 


=232+264=496 lbs. per sq. in. 
Maximum Tensile Stress = 232— 264= —32 lbs. per sq. in. 


For Negative B.M, 

Maximum B.M. = 279000 in. lbs. 

Corresponding Thrust N =54733 X 1.59 lbs. 

Minimum Compressive Stress = 

_ 54733 X 1.59 279000 X 16.5 
412 41200 

= 211-111 
= 100 lbs, per sq. in. 

Maximum Compressive Stress=211+m 

=322 lbs. per sq. in. 

Similar calculations were made for other intermediate sections 
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Sliesies at the Cn 


For Positive B. 3 \f. 

= X 21 + 1-1 X2x GG 
= 252 + 18.5 

=' 270.5 sq. in. 

I=xVxi2x2f+i8.5x9.3^- 
= 9300+1000 
=10900 in‘. 
ir= 265800 

Normal Thrust N-H =58015 lbs. 

ilaximum Compressivo Stress =^+% 

A i 



9-3 


Tensile = 2 15 -256 = 


270.5 10900‘ 

=215+256 
•“•171 lbs. per sq. in. 
11 lbs. per sq. 


Sl-ms AT SPAKoiA-a. 


A-390+1.1X2X G6 
=390 + 18.5 

111-^ sq. In. 

1 = iV X 12 X 33 “+ 18.5 X 15 . 3 -* 

f= 30000+ -1320 
=10320 

Normal Thrust N=60100x 16 5 

=99000 lbs. 

/=^+Mif 

A I 

= 99000 _^ 063000 X 1 fi •» 
114.5 40320 

=210+272=512 lbs, 

/ =240-272 
= - 32 lbs. per sq. in. 



_1.2 

15.3 


36000 

4320 

40320 


272 

240 


Similar calculations 


were made for 


32 

other intermediate sections. 




Abutments. 

{Vide Plate No. 6.) 

Let us consider the case when the abutment is under water up to DE. 
Por calculating the weight of the abutment and its centre of gi’avity the 
abutment is divided into eight parts as in the sketch. 


Pl= 

weight of AB0D = 12.50X28.25X21X125 

= 908000 lbs. 


BEGC = 9 X 28.26 X 21 x 140 

= 750000 lbs. 

P3 = 

FGE = §X 24.6X21X140 

= 1.09000 lbs. 

P4 = 

DEHL= 24.76 x 25.45 X 21(140 - 62.5) 

= 1026000 lbs. 

P<i = 

BHK =|^X22X21X 77.5 

2 

= 448000 lbs. 

P« = 

DLM = ^ X 25.5 X 21 X 77.5 

= 353000 lbs. 

P7 = 

NMKO=29.5 X8 X21 x 77.6 

= 145000 lbs. 

P9= 

NOQP=34.04 X 2 X 21 X 62.5 

= 89500 lbs. 


Total 

3107600 lbs. 


The moment of these weights about P. 

2P!r= 908000 x 10,375+750000 x 21.25 + 109000 X 27,75 + 1026000 

X 16.37 + 448000 X 30.75 + 353000 x 3.4 + ( i 46000 + 89500) 17.02 
=50715000 ft. lbs. 

■Vertical Pressure from the Arch is 77464X21+995000=1720000 lbs. 
and acts 4/ from P. 

Horizontal thrust from the arch is 1282000 due to the Dead load and 
Live load and acts 37' above the base. 

Let the Eeaction cut the base x away from P 
- ^ 50715000 + 1720000 x 4+ 1282000 X 37 
3107600+1720000 
_106045000_„, „ r. 

4 ^ 600 “^^-^ 

As the base is 34.04' the eccentricity is 21.7 - 17.02=4.68 ft. 

This is well within the middle third. No effect of the Earth Pressure has 
been considered since not only is it small but also it helps in counteracting the 
thrust and thus in bringing the Eesultant nearer the centre. 

i 

If.the water level is lowered the Dead weight is increased thus reducing 
the eccentricity. 
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\yiN6 WALLS. 
{Vide Plata No. 7.) 
Soe Sketch I. Vertical Weight : — 

0.7oX3.G25 X 100=272 
0.75 X 24 X 140=^0 2792 

0.75X5.625 X100= 422 
0.76 X 22 X 140=2300 2722 

0.75X7.625 X100= 572 
0.75 X 20 X 140=2100 2672 

0.75X9.625 X100= 722 
0.75 X 18 Xl40=lj9p 2612 

0.75X11,625X100= 875 
0.75 X 16 X 140=1680 2555 

0.75X13.625X100=1020 
0.75 X 14 X140=lj^ 2490 

0.75X15.625X100=1175 
0.75 X 12 X 140=1^ 2135 

0,75X17.625X100=1320 
0.75 X 10 X 1*10= 1050 2370 

0.75X19.625X100=1470 
0,75 X 8 X140= 840 2310 

0.75X21.625X100 = 1620 
0.75 X 6 X 140= 630 2250 

0.75X23.625X100=1770 
0,75 X 4 X 140= _420 2190 

0.75X25.625X100=1920 
0.75 X 2 X140= ^ 2130 

0.75X27.625X100= 2070 

0.5 X 27.626X140= 5800 

- i^X 27.625X140= 3580 

2 

2X184.8 X125 = 3480 


44458 lbs. 
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Taking first moment about C we have 

2070 X 0.3754-2130 x 1.1254-2190 X 1.876 +2250 X 2.625 
4 23 10 X 3 .375 4 2370 X 4.125 4 2436 X 4.875 4 2490 X 5 .625 
+ 2555 X 6 375+2612 X 7.125+2672 x 7.875+2722 x 8.625 
+ 2792 X 9.375 + 5800 X 10.5 + 3580 x 1 1.87 + 3480 X 6.925 
= 780 + 2400 +4100 + 5920 + 7800 + 9800 + 11850 + 14000 + 16250 
+ 18600 + 21000+23500+26100+61000 + 42500+24000 


289600 
® 44458 


= 6.5' 


Earth Pressure : — 




a 1 - Sin (} > 
1 + Sin <f> 


= J X 100 X 29.62* X 

1+.64 

=9650 lbs. 

X =^^= 9 . 87 ' 


40® 

Sin i/>=.64. 


The Basultanb passes through the middle third. 

Overturning ; — 

17.2 

The factor of safety against ovorturning= which is safe. 


Sliding : — 


Tan 


_H_ 9650 
V 44458 
=0.217 


This is less than .4 and so it is safe. 
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"WING WALL {Contiii’ued). 

Section II 

Vortical Weight : — 

0.75 X3.625X100=272 - 
0.75 X 10 X 140 = 1050 

1322 lbs. 

0.75 X 5.626 X 100=422 
0.75 X 8 X 140 = 840 

1262 „ 

0.75 X 7.626 X 100=572 
0.75 X 6 X 140=630 

1202 „ 

0.75X9.625 X 100=722 
0.75 X 4 X 140 = 420 

1142 „ 

0.75X11.625X100= 875 
0.75 X 2 X 140=^0 

1085 „ 

0.75X13.625X100=1020 

1020 „ 

1.75X13.625X140=2870 

2870 .. 

.91 140=870 

870 „ 

2 X 7.66 X 125= 1920 

1920 „ 

Taking first moment about oc 

12693 lbs. 

1020 X .375 + 1035 X 1. 125 + 1 142 X 1.875 + 1202 X 2.626 + 1262 
X 3.376+1322 X 4.125+2870 X 5.25+870 x 6.3+1920 X 3.83 = 
382+1220+2140+3170+ 4260 + 5460 +15100+ 5500 +7360 

= 44592 


44592 

12693 


.375 

.75 

5.250 

.75 

1.125 

.75 

6.00 

.3 

2.625 

.75 

6.30 

.60 

3.375 

.75 

6.90 

.75 

4.125 

1.125 

2) 7.66 

3.83 

5,260 


Earth Pressure. 


5 1 + Sin^ 

4^ =40° 

Sin 4* =0.64, 

= lxi0bxi5,025®x 

0.36 

1.64 

=2700 lbs. 

»■= 16.626/3 =5.208. 
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The Besullsant; of Vertical weights and the Earth Pressure passes through 
the middle third. 

Overinming 

Overturning moment =2700X5.208' = 14 100 ft. lbs. 

Eesisting moment = 12693 (7.66—3.52) 

= 12693X4.14 
=52500 ft. lbs. 

52500 

Paotors of Safety =^^ 77 ;:?;= 3.7 which is safe. 

14100 

Sliding 

The angle which the resultant makes with the vertical =‘=<^ where tan 

cc=5=?M. = o.213 
V 12693 

This is less than the co-efiScient of Friction (0.4.) 

Co-efficient of Friction 

q nc 

tan ocsstan 22° say = 0.4 

•7.d 
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Stability op Pier. 
(Vide Plate No, 8.) 


Minimum vertical reaction due to live load : — 


Area under uniformly = 25.57 in*’ 
distributed load. 


1 +0.994 -4.99 

2 

0.00.57X6 

2 

0.994 +0.975^.^ 

r Xo.5 =5.40 

0 0057 + 0,0246 -0.0835 

2 

0 . 973 + 0 . 939 ^^ 33..„„5 

A 

0.0246+0.0606^^3 32 -0.269 

2 

0.939+0.887^3 . _gg, 

•a 

0.0606+0.1130 ^3 g _0 5g5 

2 

X 3.68=3.19 

A 

0.1130+0150 X3.68 =0 80 

2 


Area under uniformly = 1.2317 in 
distributed load. 


0.348 

X 

0.81 

=0.282 

0.432 

X 

0.69 

= 0.298 

0.515 

X 

0.6 

=0.258 

0.432 

X 

0.36 

= 0.151 

0.348 

X 

0.20 

=0.0697 

0.0387 x: 

25.67 

=0.9900 

0.0546 X 

1.2317 

=00675 


See Influence line for "V’ 


2.1162 tons. 

Total minimum vertical Reaction due to live load “2,1162X2240X20 lbs. 

= 96000 lbs. 


Maximum Horizontal Thrust due to Live Load. 

0.668+0.54 _ g gg _ 2 22 
2 


0.54 +0.325 


XG.6 =2.81 


0.325+0.144 


X 6.32= 1.48 


0+44+00361 5 =0.495 

2 

QjMxS =0.0902 
2 


Area under uniformly distributed loud— 7.0962 in® 
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1.33 Xl.24 =1.660 

0.432 X 1.11 =0.480 

0.336 Xl.ll =0.374 
0.348 X 0.841 =0.292 
0.0387X7.0952=0.274 
0.0387X7.0952=0274 

3.636 fcons. 

Total maximtliu Hovizontl fchruab due to live load = 3.636 X 20 X 2240 

= 163000 lbs. 


WEIGHT OP PIEB. 

Battered Portion. 

Area of top=8X 10.5+ X 8^ 

= 84+60=134 sfb. 

Area of Bottom = 10.7 X 31.7+ “ x 11® 

4 

= 340+95 
=436 aft, 

Volume of Battered Portion = {134 +435)8 

= 569X8= 4650cft. 

15 X 36 X 1 =540 +Volume below battered portion 1369oft. 

13 X 34 X 1 =445 Total volume = 5919oft. 

11.7X32.7X1 = 384 

Volume below Battered 
portion 1369 eft. 

Weight of Pier=5919 X 125 
= 7,40,000 lbs. 

20674 + 17030 + 12860+ 8860 + 6500+4800 + 3600 + 3140 = 77464 lbs. 

Dead load (for Longitudinal Strip of Slab l'widB) = 77464X2= 154928 lbs. 

Total Dead Load Eeaotion= 154928 X 21 

=3240,000 lbs. 

20674X0.018 = 3710 
17030X0.09 =1530.0 

12860 X 0.2345 = 3020.0 
8860X0 4325 = 3830.0 
6500X0.6615 = 4300.0 
4800X0.892 =4280.0 
3600X1.09 =3930.0 

3140X1.206 =3790.0 
25051.0 


Corresponding horizontal thrust 
due to Dead Load = 50102 X 20 
= 1002040 lbs. 


H. T.= 25051X2 
=60102 lbs. 

(For Longitudinal Strip of Slab 1^ wide) 
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Dead Load Horizontal Thrust on the pier from opposite side balances. 
Dead Load Vertical R0acbion=324O,OOO lbs. 

Weight of Pier. =740)000 
Total =39.80.000 lbs 

Taking Account of buoyancy Total Vertical Reaction (acting through the 
Centro line of Pier) = 19.90.000 lbs. 

Minimum Live load reaction =95.000 lbs. 

Maximum Horizontal Thrust (due to live load) = 1,63,000 lbs. 

So from the figure it will be seen that the Resultant thrust passes within 
the middle third, 





Staging tor 
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DISCUSSIONS ON PAPBE No. 38. 


Eai Bahadiir S. N. Bhaduvi (Author) -.—I inkoduce fcho paper which is 
akeady before you. 

Mr. G. M. McKelvie (Central Provinces) : — Mr. Chakman aud Gentlemen. — 
As a delegate from the Central Provinces I have read the paper with peculiar 
interest. The Central Provinces claim to have pioneered in India on the design 
and construction of submersible bridges and a few i-emarks on the difference 
between current trends in design and practice in the Central Provinces and 
those indicated in the paper under discussion might be of general interest. 

But first, I would like to make a few general remarks. Prom the 
description of the site it is not clear that a submersible bridge was really 
necessary. Generally speaking, a submersible bridge is required only in rivers 
which regularly over-top their banks in high flood, and then only when it is 
not economical to make banked approaches and a bridge which will pass the 
full discharge of the catchment. A typical submersible bridge in the Central 
Provinces is the bridge over the Nerbudda near Jubbulpore. The formation 
level of this bridge is 40 feat above the bed but the highest known flood was 
78 feet above the bed level. Nevertheless, this bridge is over-topped by floods 
for two or three days only during a normal monsoon. This submersible bridge 
with its approaches cost nearly Es. 7 lakhs while the railway high level bridge 
a few miles down stream and constructed at the same time cost more than 
Es. 44 lakhs. 


Assuming, however, that a submersible bridge would be. cheaper than a 
high level bridge at this site, it would be interesting to know the reasons which 
led to the adoption of a span of 103 feet. With trap rock so near the surface it 
appears possible that a bridge with shorter spans would have been cheaper 
if designed so that the cost up to springing level was equal to cost of the 
arches. In somewhat similar conditions in the Central Provinces reinforced 
concrete girder aud encased steel girder slabs have proved very economical. 


The calculations of thrust due to the velocity of river water in high 
floods (referred to in para. 15 (4) of the paper) would be of general interest if the 
author would kindly give them in his reply to the discussion on his paper. Such 
calculations are not given m ordinary text books on bridge design. The heavy 

fcbe Parbati bridge design will cause a big afflux and 

overluroiag momenb will 


in the Central Provinces I would 
mention that the tendency now is to make the bridges wider than heretSoJe - 
in a long bridge It IB considered that a 20 feet clear road way is the verv 
minimum that should be provided for the safety and comfort of traffic On 
considerable economies have been achieved by working to 
P er mips of cempt concrete than those used on the Parbati bridge Pm- 
^pb, of 1 ; 6 : 8 pta^ oonorota .ro ■ f' 

1 ' shingle ; superstructure masonry is built in 

.taoteothr ° r“°“ “■? 

Sizti fpds 



in several bridges cons(iruci;ed in the Central Provinces as tested at Alipore 
\vere very rauph higher than those recorded for the Parbati bridge, . 

The type of collapsible railing shown was invented by .Bai -Bahadur 
Sunder Lai, Superintending Engineer, Public Works Department, Central 
Provinces.- In the • Central -Provinces, however, in recent designs, raised 
copings have in many cases been omitted entirely or, where copings have been 
constructed, they have been made only 4^ inches high instead of 9 inches. 
The edges of the coping are always well rounded as it has been found that square 
edged copings are subject to damage in heavy floods. The grooves in the coping 
are provided with drainage vents to facilitate the removal of the silt which 
might be deposited in floods. 

In the Central Provinces abutments are designed to be independent of any 
counter thrust from the earth fill behind as the fill is liable to be scoured out 
in exceptional floods. 

It would be of interest to know whether the piers were strong enough in 
themselves to take the dead loads thrusts of the arches daring concreting. In 
many cases it has been found that some bracing at this stage in the construction 
is necessary. 

The type of expansion jointiug described has not been used in submersible 
bridges in the Central Provinces. In fact, there are examples of bridges over 
1000 feet long with no expansion joints at all except in the coping and paving 
and none of these bridges shows any signs of cracks. The actual temperature 
range in a masonry structure such as the Parbati bridge would appear to be 
much less than plus or minus 30“ P. There is an interesting discussion on the 
subject on pages 237 and 238 of Vol. 239 of the Proceedings of the Institution of 
Civil Engineers, London (December 1934) in connexion with a paper read by 
Mr.' A. W. H. Dean, then in the Central Provinces Public Works Department - 
Service, on the construction of a submersible bridge over the Nerbudda Eivor 
near Jubbulpore, Central Provinces. There may perhaps be some expansion- 
and contraction of submersible bridges due to alternative wetting and drying 
during and after floods, but it is possible that in ' the case' mentioned in the. 
Central Provinces, the arches have been sufficiently flexible to dissipate thh 
stresses caused by these variations. 

So far, sand cushioning has not been used to any appreciable extent in. the 
Gentral.'Provinces since lime concrete has been found to provide a good flexible 
cushion. In practice it has been found that the lime-concrete does not bind 
itself appreciably to the arch. When, lime concrete is used the wearing surface 
of cement concrete paving can be reduced to 4^ inches, and even 3 inches has 
been adopted with success in some oases. Silicate of soda painting is regarded 
as of problematic value and is not now done in the Central Provinces. 

The author is. to be congratulated on a very interesting paper. ' ' The 
records of settlement of the arches on removal of the centerings, plastic defor- 
mation. and deflection S' under loads are of particular ' value and the data recorded 
will be very useful to the future designer. 

Mr. "W. L. Murrell (Bihar) ; — ^Mr. President and Gentlemen. — This paper 
has ' proved very interesting, and I would like, in consequence, to express grati- 
tude to Bai Bahadur S. N. Bhaduri. 

According to my rough calculations, with the flood standing at 48 feet 
above bed level, the profile of the- masonry immersed - amounts to' about 



26 per cent ohho aim of the hydi-auUc soctiou oE the river, as it stood before 
the constraction of' the bridge. • ' 

Considering the spandrel walls aud the soffit of the arches as constituting 
the rightanglod edge of an in-efficient oridce, and considering also the relatively 
S«h velocity of How. it will bo soon that the bridge presents an obstruction of 
well over 20. per c, ant and there will bo a very considerable afflux. 

Foundations for this project wove easy and with very little risk of 
unequal settlement, so perhaps a structure of strong, slender, stream-hned. 
reinforced concrete piers on 70 to 90 feet centres and carrying stool pony-tiusses 
or reinforced concrete cantilever beams would prove a satisfactory high level 
alternative design.' It would bo interesting to know whether such a scheme was 
considered and, if so. why it was not adopted. 


Chairman .* — I now call upon Rai Bahadur S. N. Bhaduri to reply. 

Rai Bahadui* S. H. Bhaduri : — As for Mr. McKolvia's general remarks I may 
say that the Parbati River overtops its banks almost every year during Hoods and 
as it would have boon very expensive to build a high level bridge, it was decided 
to construct a submersible bridge and the designs wore taken out accordingly. 
During construction it was found possible to raise the piers by 6 feet making 
the roadway just above the High Flood Level. 

A comparative atatamonb of cost with 80 feet sp.an and with 103 feet span 
was actually taken out and the decision was in favour of 103 feet span. This 
was probably duo to the fact that the Contractors (Messrs. Indian Patent 
Stone Co., Limited, Managing Agents— Messrs. Bird and Go^., Oaloubta) offered 
to construct 103 feet span arches at a lower cost, owing to their having the 
centerings for the larger span available from stock. 


Reinforced Cement Conoroto girders or encased steel girders should not in 
my opinion bo used for submersible bridges because vibration is caused by Hood 
water passing in contact with the girders. Of course a bottom docking would 
remove, this objeotion but then the cost would be inoroused. 


A reference to the calculations for the stability of the bridge against 
horizontal force caused by the velocity of water will show that the co-efficient of 

friction i.e.,-=r • u,. — jg only .ld6. And this is 


quite safe. 


The weight resisting horizontal force 


The question of making a, wider bridge across the Parbati River "was con- 
sidered at the time of designing the bridge and it was found that there was no 
possibility of getting a larger amount sanctioned by either the Government of 
' India qr the Gwalior Durbar, and therefore it had to be given up. 

In all mass conorete work 15 per cent plums were used. 

I; Shall be glad if Mr. McKelvie will send mo the details of test results of 
the Oehtrail Provinces bridges and the materials and the mixture used so that the 
matter may be investigated. Crushing strength of 3192 bo 4000 pounds per 
squM'e inch with trap stone as coarse aggregate is oonsidered good. 

■ The coping was specially made 9 inches high with the object of providing 
a 'wheel-guard all along the roadway to prevent wheels of bullook-oarts from 
knocking against the railings. - The edges of the copings are well rounded and 
outlets are provided for drainage. 
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la desiguing the abutments the countei.* thrust of earth bueking has been 
ignored as will be seen by a reference to tho calculations. Slip joints have been 
provided at the end between the abutment and tho wings. 

As the centering on adjacent spans wore put up simultaneously, the piers 
were not braced separately during construction of arches. 

We have found cushioning with sand of advantage and have done so in 
all reinforced cement concrete bridges of 24 foot span. 

Silicate of soda was used as an oxporimontal measure to see how the 
surface concrete behaves with its application. 

On 24 feet span reinforced cement couoreto bridges Silicate of Soda was 
not used. 


Mr. McKelvie has not mentioned the spans of tlio Central Provinces 
bridges. For arch bridges of 100 feet span or more expansion joints are in my 
opinion necessary. 


As for Mr. iturroll's remark it may bo pointed out that for a submersible 
bridge tho (question of aidiix does not arise to tho sumo extent as for a high level 
bridge. A coinparalivo statement of cost of a bridge with 80 feet span and one 
with 103 feet span was prepared and as tho latter proved obeapor, it was 
adopted. 


remembered that the Parbati bridge was designed as a sub* 
mersible one and therefore pony trusses or cantilever beams were ruled out of 
consideration owing to the difficulty of anchoring ; those properly against the 
uplifting and thrusting forces of flood water, 

■o • — I am sure we must all feel very grateful to 

Kai Bahadur Bhaduri for giving us such a careful description of an important 
work actually carried out and I would strongly urge members of this Congress 
to give us more papers like it. 


A most valuable feature of the paper is the detailed itemised statement 

of cost. This information la often omitted or supplied in highly summarised 
form and I would draw the attention of Members who in-opose submitting 
papers of this nature to the great value to the profession at large and our 
Members lu particular of these detailed cost statements. 

^ papers of this kind I would ask 

them to include the following particulars : — 


1 . 

2 . 

3. 


4. 


A dimensioned cross section of the roadway. 

The loadings on which the design is based. 

The cost per square foot of the elevation area comprised by the 
road level and the bottom of the foundations. 

ot 'Uioso 

StoL 0 v«- 

bridao»'teS^5E°f. regarfins ibase items 

ttam to"lh. SStTla* 1,1! ”=■»'>»» and lo sand 

ba. if auBaiaatt, aSanail, af latfgte »■> ‘kesa painte 
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APPENDIX I. 


'TOURS AND OTHER FUNCTIONS HELD DURING THE THIRD 
INDIAN ROADS CONGRESS, LUCKNOW, FEBRUARY 1937. 


Thursday, February 18, 1937. 


The dolegafcea assemblod at the Hardinge Library, Quoea’s Gardens, Dellii, 
and proceeded from there in buses to inspect tlie following items on the Grand 
Trunk Road. 

(1) DELHI PROVINCE. 

Note . — («). Bne/ constructional specifications of items to be inspected are 
given in Appendix A. 

(6). References lelute to the Proceedings of the Inaugural Indian 
liouih Congress. Mile 1 Mcciut Road means Mile SSI G.T. 
Road, Mile ‘4 Meerut Road means Mile 883 G.T. Road, and 
so on. 


(1) CEMENT CONCRETE ROAD— 2 Furlongs. 

(page 37 of Proceedings). 

PHESEST CONDITION. 

An examination of the surface of this road shows that it is being eroded 
under the weight of br.aitic. The eiosion, in a number of slabs, i.s as much as 
three quarters of an inch in short lengths — The construction joint has widened 
being about 3 inches wide now and at the ends of the slabs at the transverse 
joints dish-like hollows have formed. 

(2) . 2.i INCH PRIi.MIXED COAT WITH HOT SOCONY ASPHALT— 
Laid in furlongs 2 and 3 of Mile SSI G.T. Road (page 4G of Proceedings). 

PRESENT CONDITION, 

It has bean necessary to repair this with a number of patches, and the 
surface also show.s corrugations. 

(3) . GROUTING WITH HOT ASPHALTS— (Page 22 of Proceedings). 

(i), 2 inch Grouting %vith Mexphalte and a Seal Coat. 

PRESENT CONDITION. 

The surface bleeds in the hot sun causing the bitumen to creep towards 
the edges where it may be seen collecting along the brick edging. 

Several patches have been necessary wlieve the surface began to disin- 
tegrate as a result of some of the bitumen content being squeezed out under the 
weight of the traffic. 

^ Coi'rugationa have also formed in’ some short lengths. It would appear 
th^rq -was an qxcess of bitumen in thi^ worlf. 
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(ii) a inch Grouting with Socony Asphalt and a Seal Goat, 

PKESENT CONDITION. 

SoYoval patches have been noticed wliero the smfiico has disintegrated. 
The bitumen in these patches appears to bo less plastic and hence the cai'pet is 
more rigid than the I^Iexphalto grout. The surface does not bleed and has no 
corrugations. 

•• (4). 2t} INCH SHELOEETE— (4th and 5th Eurlongs of l\ril 0 882 G.T. 

Eoad. (page 24 of proceedings). 

PRESENT CONDITION, 

The surface shows marked depressions some of which have been levelled up 
by the maintenance -staff by filling them with premixed stone grit. -This has 
made the surface rather bumpy. 

A few patches have been noticed where the surface has disintegrated. 

( 5 ) . 2^ INCn .TEINniAC — (Furlong 3rd of Mile 882 G.T, Eoad. (page 

47 of the proceedings). . . 

PnE.SEN-T CONDITION. 

The wearing surface is breaking up at the edges. In a few places ^yhera 
patches were necessary the binder course was found to have moved. This led 
to disintegration of the structure. 

There is little adhesion between the wearing and the binder courses in this 
specification. Corrugations are also found. 

( 6 ) . PAINTING ’WITH SPEAMEX DOUBLE COAT.— (Mile 881 and 

2 furlongs of Milo 882). 

This section of road affords a good example of how'^ a surfaced road which 
has' deteriorated can be improved without having to remetal it. 

This work was done two years ago and the surface to-day is Quite intact 
and is standing up well. 

The road was remetalled in the year 1930 and was first painted with 
Trinimac Asphalt- Cement in the year 1930-31. It was re-painted in the year 
1931-32. 

During the winter of the year 1935 the bitumen lost muoli of its ductility, 
ns a result of frost It disintegrated under light tapping and on this account it 
came off in patches faster than the rate at which two maintenance road gangs 
could do the necessary patching. Despite all the labour and materials thus 
spent on it the surface became bumpy and broke up still faster. 

The metalled surface ivas, however, hard and intact and therefore, it was 
.decided to scrape off the whole of the old painting coat and apyly a double coat 
of paint after levelling up pot-holes and loose spots. 

The stone grit used with the first coat was -4 inch to ^ inch gauge and 
• that with .-the second coat 4, inch to I /8 inch — a total of 5 cubic feet per 
loo s'quare feet was used. The bitumen used ^Yas Spramex 80/100 at the rate, of 
5 gallons per 100 square feet for the two coats, 

®®st of the work inclusive of the cost of scraping was Bs. 5 / 7 /- per 
hundred square feet, ’ • v. o „ < 1-01 
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(II). UNITED PROVINCES. 
Qraiul Ti'unk Road (Continned). 


(1). MILE 879 

This milo is similar ia consbruotion to item (2) being done at the same 
time. Whan the unevoniiass first became bad in 1934 an effort was made to 
rectify it by giving two coats of paint. The first was applied to the low spots 
with tlio object of bringing them up as much as possible. The second coat was 
given over tlio whole surface. Though this improved matters to some extent 
the surface will still bo seen to be very uneven. The road is 16 feet wide and 
carries a traffic of 1184 tons. 

(3). MILE 878. 

This mile was one of the earliest attempt at asphalt road construction in 
tlio United Provinces having been constructed in 1926. It is asphaltic concrete, 
3 inches thick, the bitumen being Trinidad Refined .Vsplinlt and Flux Oil. The 
road ia 16 feat wide and carries a total traffic of 1184 tons per 24 hours. The 
surface gradually became very wavy and by Alarch 1934 was so had that 
travelling over it at a speed of more than 25 miles per hour was difficult. This 
defect was attributed to the use of too largo a proportion of bitumen in the 
uii.xture. Efforts were made to improve the evenness of the surface bj' 
repainting. They were to some extent successful as the surface was at one 
time far worse tlian it is now. it will be noticed that, apart from the 
unoveunoss, the road has stood the traffic well. Cost Es. 5, 3/7 per square yard. 

(3) . MILE 872 (FURLONG G). 

The object of interest here is the peculiar beliaviour of one bay of this 
concrete road. Tlie slab is inches : 3^ inches! 5^ inches made with rapid 
hardening cement to a mixture of 1:2:4. 

The bay in question was laid on March 2G, 1935, and was opened to traffic 
30 days later. On Juno 14, 193G, a piece about feet in diameter exploded 
with a loud report like that of gun fire, the bay cracked transversely and a 
number of siimil cracks also appeared. The cause of tlie explosion could not 
bo determined definitely, ft was thought however, that it may have been due to 
some portions of tlio rapid hardening cement having been left unmixed in the 
mixture and they miglit liave got damp after the rains. Perhaps delegates may 
be able to offer a sugge.stion. The mile is 12 feet wide and carries 622 tons. 

(4) . JIILB 8G6. 

This mile was painted with a coat of Shalimar Tar No. 1 in June 1935, 
and then witli Spramox in October, 1935. It is one of the five miles on this road 
that were painted before it was decided to adopt cement concrete. The traffic 
is 622 tons on a width of 12 feet. It will be seen that in places patches are 
.beginning to form and the paint appears to bo peeling off'. 

^5). ' MILE 865. 

• This concrete mile was completed in November 1935. Tlie slab is Scinches: 
Scinches: sj inches and the mi,xture 1:2:4. About one month after the mile 
had boen;ope*ued to traffic . hair cracks were noticed in some bays. For about 
three months they gradually extended until they became about 4 feet long after 
which .the extengiop ceasqd. Most of, the cracks are about 2 feet from the edge 
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of the road and it is thought that they may have been due to lorries passing over 
the bays when they were only partially cured. This 12 feet mile carries 622 tons. 

(6) . MILE 857 (FURLONGS 4 & 5). 

The concrete road slab here is 5^ inches ; 34 inches : inches and mixture 

1:2:4. The point of interest is that the road has been constructed in two lots. 
In the one-half the alternate bay method of construction was adopted, the bays 
being 33 feet long. On the other side of the road the continuous bay method 
was adopted and a length of 165 feet was completed as one bay. In other 
respects the two lots of the road are the same. It will be noted that transverse 
cracks have appeared at a distance apart which is less than 33 feat. Beyond 
these transverse cracks no defects have come to light. Traihc is 622 tons over 
12 feet wide road. 

(7) . MILE 848 (FURLONG 6). 

This conci'ete road was opened to traffic in May 1936. In order to see the 
result of the woik a slab, 4 feet in length, was cut out of the road surface after 
it had been under traffic for about four months. This slab is to be seen. The 
road is 12 feet wide and cairies 496 tons. 

» 

(8) . MILE 847 (FURLONGS 4-8). 

In this mile an experiment is being made to determine the difference in 
behaviour, if any, between a silicated and unsiljcated surface. The even bays 
were silicated with three coats in the usual manner soon after laying. A white 
cross has been put on the corner of these bays. The odd bays have not been 
silicated. The road was opened to traffic on December 30, 1936. Traffic is 496 
tons on a width of 12 feet. 

The party reached Bulandshahr at about 2 p.m. and after taking lunch at 
the railway station left in a special train reaching Cawnpore at mid-night. 


Friday, February 19, 1937. 

The party re-assembled at the Cawnpore Railway Station and proceeded 
from there in cars to inspect the following items. 

GRAND TRUNK ROAD. 

(1). MILE 620 (FURLONGS 1-3^). 

A thin concrete slab is being laid here on an existing water-bound road, 
the surface of which had been previously painted but which had failed to stand 
up to the traffic which is according to census, 4250 tons on the full 24 feet 
width of the road. The road slab is 3 inches : 2 inches : 3 inches and is being 
constructed in two strips each 10 feet wide with a central contraction joint. 
The mixture of the concrete is 1:2:4 and it is being reinforced with a 6 inch 
mesh of i inch diameter steel wire. It will be noted that in the preparation of 
sub-grade there is no insulation layer. On the contrary a cement wash is being 
given to provide adhesion. The surface is not being treated in any way except 
for one or two experimental bays. 

This work is being dona as the result of the very satisfactory results that 
have been obtained from a trial length of 200 feet laid in Januaiy, 1935, under 
traffic of .900 tons. This is item (13) an.cl yras inspected lat^r in the day. 
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(2) . :\riLE 620 (FURLONGS 3^—8). 

TIjo I'oiid sliih horo is 20 feot wide and lias been laid in two strips of 10 feet 
each ^Yitlt a central contraction joint. Each slab is G inches : 4 inches : 
G inches of a 1 : 2 : 4 inixtiiro and is not reinforced. Tlio surface has been 
hardened witli silicate of .soda. The recoitled trallic figure here is 4250 tons per 
24 Irours on the 20 feet width. Tlie work was completed in March, 1936, so 
that it has now been under trallic for 11 months. 

(3) . MILRG21. 

This mile is a fair example of the grouted work put down in the early 
days of road reconstruction. At the time, it was believed that such a construc- 
tion would he capable of satisfactorily taking the trallic. The squeezing effect 
of heavily loaded iron tyres was unsuspected. In tiiis particular mile the 
bitumen used was Trinidad Refined Asphalt and Pliix Oil. The work was done 
in 1929 ami the trallic is 2850 tons jier 24 hours. Tlie failure is typical. The 
work was expensive (Rs. 3 7*- per squsim yard in this ease) and, as has been 
since proved, the results did not justify the outlay. 

In order to sliow the manner in which the grout coat has squeezed it has 
been cut off from ono-half of tlie road. The section e.xposed may be of interest. 

(4) . MILES G22 and G23. 

Tliose two miles are of similar construction to that in item (3) but in tliis 
case the materials used were ^fexphalto and Spramex, a comparison can, there- 
fore, bo made with item (3). The work was done in 1928-29 and tlie traffic it 
has to stand is 1800 tons per 24 hours on the 16 feet width. These miles will 
shortly be replaced liy concrete. The existing grout cost about Rs. 3/2/- per 
square yard. At tlio present day a 6 inches : 4 inches i 6 inches concrete slab 
could bo put down for the same money and it seems likely tliat such a slab would 
stand the traffic satisfactorily, 

(5) , MILE G24 (FURLONGS 1-1). 

This was Trinidad Relined Asphalt semi-grout laid in Slarch 1929. It 
will ho soon that tho road has completely broken up. The traQic here is 1650 
tons on tiie 16 foot width and it is evident tiiat the form of construction is not 
suited to the load it lias to bnko. It may be mentioned that the surface was 
repainted in 1934. This section is being replaced by a thin slab of Reinforced 
cement concrete. 

(G).- :MILE 624 (FURLONGS 5-8). 

This section was grouted with Trinidad Refined Asphalt in June 1929. It 
is interesting to note how this has completely broken whereas item no. (3) 
which is of a similar construction has only been rutted. The traffic is about 
the same and no explanation can be oft’ored for the difference in behaviour. This 
section is being replaced by a thin slab of reinforced cement concrete. 

(7). MILES 625 To 629. 

These are of no special interest but as it is necessary to pass over them it 
may be mentioned that they have received surface treatment of different kinds. 

Mile 625 is Spramex. Last painted in May 1935. 

Milo 626 is Spramex and was last painted in Juno 1936. 

' (These miles are 16 feet wida.and carry a traffic of 1250 tons). 
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Mile 627) These have a single eoafc of Tar 
Mila 628) given in May 1936. 

Mile 629 is Spramex over OEMUL emulsion and was last painted in 
November 1933. 

(These thine miles are 12 feet wide and carry a traffic of 987 tons). 

(8). MILE 630. 

This is an instance of a mile with a bitumen painted surface being unable 
to^ stand up to a traffic of about 987 tons per 24 hours on a 1 2 feet width. The 
original coat of paint was given in 1929 and it was last painted in July 1934. 
The old surface is now being replaced with a thin concrete slab. This new work 
is experimental in character. Each furlong ^Yill be treated slightly diO'erently. 
Work should be actually in progress at the time of the visit. The mixture in 
each case is 1:2:4 and it is intended that: — 

Furlong 1 shall have a 3 inches : 2 inches : 3 inches slab. 

Furlong 2 shall have a slab of 2 inches uniform thickness. 

Fui’long 3 shall have a 3 inches : 2 inches : 3 inches slab reinforced with 
a 4 inches mesh of 1/8 inch diameter steel wire. 

Furlong 4 shall be of 2 inches uniform thickness with reinforcement as in 
furlong 3. 

Furlong 6 shall have a 3 inches : 2 inches : 3 inches slab reinforced with 
rabbit netting. 

Furlong 6 shall be of 2 inches uniform thickness I’einforced as in furlong 6. 

Furlong 7 shall have a 3 inches : 2 inches ; 3 inches slab un-reinforced. 

Furlong 8 shall have a 2 inches uniformly thick slab and will be uu* 
reinforced. 

These all were carefully watched for comparative purposes. 


ITJCKNOW-JHANSI ROAD. 

(9) . MILE 51 (FURLONG 4) TO MILE 52 (FURLONG 5). 

. . This road is 24 feet wide and shows bow Asphaltic cement concrete has 
failed under exceptionally heavy mixed traffic amounting to no less than 3,370 
tons. Tlie road was constructed in 1926 and no surface treatment has been 
given since it was constructed. The roadway will be replaced by one of 
cement concrete. This section may be compared with item No. (10) below. 

(10) . MILE 52 (FURLONG 6—8). 


This cement concrete road, which was constructed early in 1929. mav 
he compared with item No. (9), the width and traffic being the same, i e 24 feet 
Wde and has been constructed in two strips with a centre joint. Each 
s^ipisSmcbes: 6 inches;? inches and the contraction joints are at an 
angle of 60 degrees with the centre line. The surface treatment consisted of 
hardening with Silicate of Soda. The cost of construction was high,. bein« 
P®* was done when the cost of cement was 
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(11). MILE 55. 

This mile was painted with Trinidad Refined Asphalt in March 1980. It 
was again painted with Spramex in April 1933, and again in May 1935. This 
mile has broken up and is to be replaced with poncreta eventually. The mile 
is 16 feet wide and carries a trafSc of 879 tons. 


(12) . MILE 56 (FURLONG 3. FIRST 460 FEET). 

In this length an experiment was tried by forming the concrete road slab 
in two layers, the bottom layer being of a cheaper material and the top 
layer of a more durable one. The under layer of concrete was made with 
brick ballast and sand to a mixture of 1 : 8 : 16 and laid to a section of 
4 inches ; 3 inches : 4 inches. The upper layer was made with stone ballast 
to a 1 : 2:4 mixture and laid to a section of 3 inches : 2 inches : 8 inches, thus 
making a 7 inches : 6 inches : 7 inches composite slab. The cost worked out 
aft JSs. 3/- per Sfiuare j'ard. As a straightforward slab of a section of 6^ inches ; 
i" ‘ ‘"cfies can be constructed lor the same cost, there appears to 

be httle advantage to be gained by adopting the more complicated construction, 
injs mde is 12 feet wide and carries 879 tons. 

(13) . MILE 56 (FURLONG 3, LAST 200 FEET). 

^ ft thin concrete road. The section of the slab is 

■With 1/8 L? " ^ mixture being 1 : 2^ : 4 and reinforced 

nndl-VL f I ^ ^ ‘a no insulating layer 

ktSr fiiveotly on the stone sub-grade after cleaning Le 

cau-ies abS“4n f ‘^'Oft^ was constructed in January 1936, 

faeSilv ^ and is wearing very satis- 

uh'/Iai. 1 ^' these results thin slabs are being experimented with 

constTOct'ion i^ in item (l) this 

width th; ^ ^®®*’ carrying 4250 tons. On the half 

maiMta betato„ a. 3125 ton, or abonl 2^ Itae, tl» .lo.a LSod by 


Lunch Intebval, 


(14) . MILE 45. ■ 

■-Fdov inches : 6 inches ; 9 inches in section -was laid in 1931 

The trntfij which used to last not more than a velv 

huUook carts °The^' consists largely of 

•sarface of the latter was^ treated concrete and the 

"Stl S“Solt“ 

( 15 ) . !MILE 45 (BRIDGE IN' FURLONG 8 ). - • ■ 

Wdg,^4«katn n«TSt“ Ub°'l09S‘ «■» 

6iMh„thtok throughout, w°rV?ot “"4 

nnusually large size and the inevitable vibration caused bv UiV 
bpen no appreciable cracking. bridge there has 
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(16) . MILE 40. 

This mile aveis constructed in 1929 and was one of the first miles laid 
by the staff of the Lucknow division. The mile is of interest as showing 
the marked degree of waviness, causing uncomfortable travelling, which 
can result from lack of care and knowledge in laying the concrete. It is 
believed that this waviness is chiefly due to lack of attention in bedding the side 
forms firmly, seeing that they are correctly levelled and ensuring that the 
concrete on either side of joints is perfectly true to level. The general design 
etc. of the concrete was the same as in the miles already seeu. 

(17) . MILE 38. (FUBLONGS 1-4). 

The road is Trinidad Befined Asphalt grout laid in 1928 over water- 
bound stone done in 1927. The thickness of the grouted coat was 3 inches. 
The traffic is not moi'e than 1000 to 1100 tons per 24 hours. The mile has not 
stood well : ruts appeared first and then the whole surface became uneven. The 
mile will shortly be surfaced with concrete 3^ inches thick. 

(18). MILE 37. 

In this mile there are two test lengths of Tar/Kankar premix and Tar/ 
Stone premix, laid under the direct control of the Shaliraar Tar Co. The 
Tar/Kankar premix was purely experimental and was not guaranteed by the 
Company. The traffic in this section amounts to over 1000 tons per 24 hours. 
The mile ivas painted in 1927 but in the following five years had to be painted 
three times; even then the surface was poor. 

The two tar carpets have been under traffic for over 18 months and the 
stone carpet is still in good condition thougii the kaukar cai'pet is showing wear 
and is developing slight ruts. 

(19). MILE 36. 

Four furlongs of this mile have been used as an experiment with 
‘"GUNITE” with the object of ascertaining whether this method of applying 
concrete is likely to be successful on (a) water-bound stone, (b) water-bound 
kankar and (o) concrete. There are many variations in the specification of the 
Gunite in regard to thickness, reinforcement etc. Six inch mesh light B. E. C. 
reinforcement was used in a few bays ; the thickness of the Gunite was 1 inch 
in some places and inches in others and the mixture was 1 to 3^ in the 
greater part of the road and 1 to 4 in the remainder. The surface shows many 
cracks but these are considerably more noticeable in the unreinforced lengtiis 
than in the others. One bay was made of a length equivalent to the day's woi-k 
i.e., 260 feet long ; in this bay the cracks are more numerous than elsewhere. 

As the work was only completed in November last it is too early to arrive 
at any final conclusion. The firm concerned, Messrs. John Fleming & Co. have 
been sufficiently interested by this experiment to carry out more work in 
Bombay. 


The delegates reached Lucknow in the evening, 



SATURDAY, FEBRUARY 20, 1937. 
(Forenoon). 


Tho party re-absetuiilcii at the Council Hail, LucknoAV .at U a, in. and 
proceeded {roin there in buses to inspect thu following items around Lucknow. 

(20). MILK «. 


The iniiu is surfaced with brick bnllast surinco painted. Tlio work was 
done ill 1031. Hituineu oinulsion was used for tho first uoat and thoro havo 
hcuii two repaints sincu that yuar but tho inilo is standing' up well. Prior to 1031 
thoSnilo WHS of watcr-iiound kankav but this failed to last more than two year.s 
althoui'h the volume of tvallic is not more tliaii 700 tons. 

(21) . MILE 5. 

Tho tr.ifiiu in this inilo was iar>L counted as sommvhal over 1000 tons per 
d.ty but the incre.isc of brick kilns has probahK nii-M.'! the tonnnso to nearer 
2000 toii.s. Tlii.s loiiHlli of Bliellerclo was one of ..ex oral cxporiincntal lengths 
laid in 1031, tho other Ioiigth.s himng alreudy been icmoved. Tliis Sbellcrete 
was laid under tho supervision of tho caiupany. 

(22) . MILK 3. 

Tliu mile ciirrios about 100 tuns of tralfie per day much of which consists 
of heavily laden bullock carts from tho goods .slied. Tlio point of interest is the 
concrete side strip.s with asphaltic concrete hotwcon In 1927 asplialtic concrete 
(Trinidad Refined Asplmltl w.is laid over the wliolo width. Very soon it develop- 
ed ruts at tlie .sides and luaintonanco was heavy. In 1930 tho asphaltic con- 
croto Was removed from one j'ido and coment conercle (J inches thick and 9 feet 
wide was laid for the heavy incoming traflic It will ho neon that under very 
heavy tr.afiio wliicli ’tracks" badly tbis concrete ba'' worn in places: this is 
partly ultriiiutcd to bad drainage ami, perbaps, inherent weakness at tho joints. 

Another point of interest in this mile is ilio rough portion which was 
p.issed no.irtlio under- bridge. Hero tho asplialtic concrete on tho slope becamo 
very uneven and in 1931 wa,s dug up and. after breaking up and .adding a small 
IJorceiUago of asphalt, roluid. The surface was improved for some time but it 
ha.s again become very roiigli and will shortly be replared liy .stone .sotts. btono 
sott.s aro being adopted instead of coiicroto as builock.s dislike tho latter on tho 
fairly down gr.ide and endeavour to get on to a surface which oilers moi'o tractive 
resistance. 


(33). :mile 2. 

Tho surfaco of lliis mile is 3 inch Asphaltic concreto laid in 1929. This 
Yolumo of tnifiic is nliout 2000 tons hut much of this is concentrated on tho 
incoming side. Tho surface, particularly on this side, is very rough and frequent 
ropair.s aro necessary. 

LUCKNOW-BENARES ROAD. 


(21), MILK 2. 

This mile is a good oxamplo showing tlio groat dillbrenco in wear caused to 
a painted road by (a) rubber tyred tmfiio and (b) bullock carts. The total 
volume of Lmlliu on the mile is about 1000 tons per clay of which about 3000 
consists of motors and rulibor tyred tongas and tlio balancp of bullock carts. It 
will bo seen that tho side ou whioh laden carts ontor tho town tho suriaco is 




APPENDIX A, 


BRIEF SPECIFICATIONS. 

rOR ITEMS INSPECTED IN DELHI PROVINCE. 


ce:\ibnt concrete road. 

For tho concvoto road a section 7 inches; 5 inches: 7 inches has been 
adopted with a central construction joint and an expansion joint at S3 feet 
intervals. A few bays have boon constructed of tlio full width with straight 
and skew joints. 

Two long hays of the full width of cross section have been constvneted 
with an oxpnn&ion joint only at tho end of each day’s woik Hoop iion hexagonal 
lings have boon introducod l<^ inches below the finished surface. It is expected 
that iino contraction cracks will occur followiug theso hexagons and largo cracks 
will ho avoided. Edge roiuforceuiont and M. S. dowels have boon given in 
certain slabs. 

MiV'fERI.tliS. 

Cement: — Tho cement used is slow sotting Portland coment of B B B brand 
manufactured by Bundi Portland Goniont Ltd. It passed tho following tensile 
tests made by tho manufacturers with standard sand : — 

Sand and Cement Ratio 8 to 1. 

After 3 days ... ... ‘121 lbs. per square inch. 

j\ftor 7 days ... ... 517 do. 

Tho coment was supplied in juto hags and a certificate was furnished by 
tho uianufacturors showing that each consignment was tested and that it 
conformed in all respects to tho British Standard Specification for Portland 
cement. 

Tho tensilo tests mado of each consignment on its dolivery at tho site of 
work gave tho following results : — 

Rudya Nala Sand and Cement Ratio 3 : 2 
After 3 days ... ... 341 pounds per square inoh. 

After 7 days ... ... 426 do 

Tho quantity of cement used was G35 pouuds per oubio yard of finished 
concrete. 

■ ‘ '2^ INCH PEBMIXBD C0.4T WITH HOT SOCONY ASPHALT. " 

' - Bitumen. Hot Asphalt grade 101 of Standard Vacuum Oil 

Co., -with a cut back. 

. Agyreyate : — For binder coat. 1 i iuoli to 1 inch stone metal. 

For Weariug coat, i inch to i inoh stone grit. 

Preparation of Base .-—This section of the road has been given a coat of 
two inches metal grouted with Golfik Emulsion in the year 1932-33 which soon 
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atter laying showed signs of defcenorafcion and gave way under the weight of 
intensive brick cart traffic which this section carries. It was in such bad order 
as to necessitate complete removal before laying the premixed coat. The base, 
after removal of the grouted layer showed many loose spots which were picked 
out. Prior to laying the premixed coat they wore carefully filled up with 
premixod aggregate, levelled up and rolled so as to form a hard base. 

Preparation of Premix : — The Asphalt (Socony 101) was heated in a tar 
boiler to 350“P and the correct quantity at tlie rate of 3 pounds per cubic feet of 
stone metal was drawn off from it into a bucket. To this was added a cut back 
Sooosol, at the rate of 1 ounce to every 1 pound of Asphalt. 

The out baok was made by mixing Socony Asphalt 105 of SO'lOO penetra- 
tion and Kerosene oil. The Asphalt was heated to 250'’F in a tar boiler and 
was drawn off into a container in which it was mixed with Kerosene oiliu equal 
quantities by volume. 

The aggregate was mixed in locally made drum mixers mounted on a 
wooden frame work. Each mixing drum had three mixing arms fixed inside 
which prevented the aggregate from sticking together. 

The mixture of Hot Asphalt and Socosol 6 pounds weight was poured 
over the 2 cubic feet of stone metal in the drum which was then rotated by, 
two men 150 times, after which the premixed material was taken out and carted 
in wheel-barrows to the site of work. 

Construction ; — 

Binder coat : — The premix was evenly spread on the road to an uncompact- 
ed depth of 2 inches and rolled by a steam roller till no movement took place. 

Wcarinri coat : — Stone chippings * inch to A inch size mixed with fine dust 
in equal proportions were premixed in the same manner as described above and 

spread on the binder course to an uncompacted depth of 1 inch and consolidated. 

» 

Eine stone dust was then spread on the surface and the road opened to 
traffic. 

Cost : — Hs. 17-8-0 per hundred square feet. 

GROUTING WITH HOT ASPHALTS. 

Before spreading the metal, the road surface is cleaned of all foreign 
matter. The metal used is inch to 3/A inch gauge, clean, dry and free from 
clay or dust and uniformly spread to the correct depth. The loose metal is half 
an inch more in thickness than the finished coat, i.e,, for a 2 inch coat metal 
is spread 2^ inch thick. 

The old surface of the road is first pioked up and relaid to correct camber 
and grade. The stone metal is not damped on the road surface but to ensure 
unifortuity of spreading is stacked at the road side. Irregularities in spreading 
are carefully looked for and corrected by hand packing. Templates are' used at 
short intervals with strings stretched between them as a guide. This is all done 
before rolling, as it is difficult later on to correct irregularities and experience 
has shown that unevenness of surface and weak spots are mainly due to uneven 
spreading. A ten ton roller is used on the dry metal. Bolling is commenced at 
the sides and advance towards the centre by successive stages of at least half 
the width of the roller until the surface is uniform and compact. 



During bho winter months bitumen (Mexphalto 30/40) does not- penebrato 
into the intoraticaa more than an inoh owing to the quick fall in its tempera- 
ture on coming in contact with stone metal. This cliQiculty is overcome by 
spreading the metal for a 2 inch coat in two layers of If inoh each. Half the 
quantity of bitumen is used in each layer. Rolling is started as soon as the 
second layer has been grouted and the chippinga have been spread, 

, HOT BITUMEN ASPHALTIC CONCRETE 

(SHELORETE AND SHELSHEBT). ' < 

The bituminous materials in this case wore Mexphalte 20/30 penetration 
and.j;'Shelmao" a “cut back” made by the Shell Company with bitumen and 
Solar oil. A, “cub back" of this type is relatively simple to manipulate and 
easy, to work. It needs only slight heating and the mixed aggregate can be 
- laid either cold or hot immediately or be stored. If after some time it gets bard, 
it can be softened by the addition of a little Solar oil. 

The grading of the aggregate waa varied according to.the thicknebs of the 
coat. For 1 inch Sholsheet the stone was of i inch to inch gauge and for 
thickuessea of 2 and 2.} inch of 1.} inch Lb i inch gauge. Sund containing 9 per 
cent coarse (~2 inm-h.6 mm), 8Q per cent medium ( —.'6 mm -fO'2 mm), 6 per cant 
fine ( — 0.2 ram H- *085 inm), and 5 per cent dust (—*085 mm) was used. In damp 
or cold weather the sand was heated to about 1I0°F on iron sheets six inches 
above ground level with a dro underneath. 

For a 2^ inch finished coat (shelcrate) batches of 3 cubic feet of stone metal 
of inch bo \ inch gauge and i-i* cubic feet sand were used with 22.^ pounds of the 
mixture of Mexphalte and Shelmac. The surface of bho road was first brought 
to tbd proper camber and grade and all potholes were filled in stone metal coated 
with bitumen without sand being found very satisfactory for this, 

2.^ inch thick Shelorote was laid for heavy cart traffic, and 1 inch Shel- 
sheet for lighter traffic. No expenditure has been incurred in the maintenance 
of the sholcreto but some patching has boon necessary with the Shelsbeet. 

SPEOIFIO.\TION FOE 2| INCHES TRINIMAO. 

Material:— TnuimM Asphalt cement is prepared by mixing Trinidad Lake 
Asphalt and flux oil by taking 80 parts of the former and 20 of the latter. The 
r flux oil is a residual product of Petroleum distillation and should have a flash 
‘ point of 400‘’F. 

To prepare the Asphalt cement, the Lake Asphalt is heated in a tar boiler 
to a temperature of 250'’F and the flux oil is gradually added, the contents being 
thoroughly stirred so as to ensure complete incorporation of the asphalt with 
the flux oil. 

Aggregate : — For binder course 2 inches to inch, 

Wearing surface ^ inoh to dust. 

General Bcmark : — This section of tho road was treated with Premixed course 
of Sooony Emulsion varying from 1 inoh to 3 inches in thickness. The surface, 
however, soon after that treatment disintegrated and it became necessary to 
remove it completely before laying tho Trinimac, 

Gonstruction : — 

Binder Goursei—TAie Trinimac Asphalt cement prepared as above was 
heated to a tomperaturo of 350°F in a bar boiler, and drawn off into a bucket 
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ao^ mised with aggregate in a rotary mixer, the stone aggregate being at atmos- 
pheric temperature. 

4.8 pounds of Asphalt cement were required per cubic foot of stone 
aggregate to completely coat every particle of it. As soon as mixing was 
complete the Trinimac was taken out of the mixer and carried to the site 
of work, where it was stacked and used cold. It was evenly spread on the pre- 
pared base to an uncompacted thickness of 2^ inches. It was then rolled 
to complete consolidation with a steam road roller. 

Wearing Surface : — The proportion of aggregate to asphalt cement was the 
same as in the Binder Course. The wearing surface was spread immediately 
after the consolidation of the binder course aud was rolled to final consolidation. 
The total compacted thickness of the two courses was inches. The finished 
surface was then dusted over with stone dust and a final rolling given before 
opening the road to traffic. 

Cost : — Es. 22-4 par 100 sq. ft. 


Saturday, February 20, 1937. 

(afternoon) 

The delegates assembled at the Council Hall, Lucknow, to witness the 
following demonstrations which had been arranged there ; — 

(1) Solex Governor Garburetar arranged by Messrs. Bane Limited, 

(2) Avery Portable Wheel Weighing Machine arranged by Messrs, W. & T. 
Avery Limited, Calcutta, and 

(3) Bullock carts arranged by the Local Public Works Department. 


Monday, February 22, 1837. 
(afternoon) 


The Council entertained all delegates and their families and certain local 
distinguished guests at a tea party given at the Municipal Hall, Lucknow, at 
4 p.m. 
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APPENDIX II. 

Indian Hoads Congress Standard Specification and Codes of Practice 

FOR Hoad Bridges in India. 


2 V »0 following corrospondance and notes are published in order to provide 
ail answer which can easily be referred to when criticisms of the “Indian Bonds 
Congress Standard specification and Codes of Practice for Bond Bridges in India"- 
Crop lip. ill)’. W.A. liadice's notes will explain the general basis on i^hich the 
above named publication has been draion vp. 

Lebtoi* from Hr, W.A. Hadico of the Braibhwaite Bura and Jessop Con- 
struction Company, Limited, Calcutta, dated the 20th July 1936, to the Secretary, 
Indian Hoads Congress. 

Proposed Standard Indian Road Bridge Specification. 

I have the honour to forward herewith : — 

(al Note on Standard Loadings and impact. 

(b) The proposed Standard Indian Road bridge specification ( Published as 
a separate publication called “Indian Hoads Congress Standard Specification and 
Codes of Practice for Hoad Bridges in India). 

The note describes the considerations which have led me in my choice of 
the standard loadings and impact factor put forward in the proposed standard 
spooification. 

3, Mr. W. J. Turnbull of the Concrete Association of India has contribut- 
ed Section D of the proposed standard specification dealing with Heinforced 
Concrete Bridges. This is based on the Indian Railway Standard Code of 
Practice for Reinforced Concrete, Construction adopted in 1936 which, in its 
burn, is largely based on tho Code of Practice for the Use of Reinforced Oencrete 
in Buildings published by the (Imperial) Department of Scientific and Industrial 
Beaearch. 

3, Tho note on standard loadings and impact and tho whole of sections A 
and B of tho proposed standard specification (Goneml and Loads and Stresses 
sections) which govern both Section C — Stool Bridges and Section D — Reinforced 
Concrete Bridges was sent to Mr. W. J. Turnbull under ray letter No, A/729 of 
the 12th Juno and a copy of his reply No. B/47/11031 of the 7th July 1936 and 
its enclosures (reproduced below). 

4, Mr, W. J. Turnbull, whilst assenting to tho proposed standard loadings 
without qualification, desires to pub before the Main Committee (Bridge Loading 
and Permissible Stresses Sub-Committee of the Indian Roads Congress) my note 
as it stands but accompanied by certain references indicating that the impact 
factor for certain types of reinforced concrete road bridges might be lower than 
the impact factor adopted for steel bridges. 

6. After the main conclusions put forward in my note on standard 
loadings and impact had been arrived at I received your letter No. 0 85 dated 
the 26th May 1936 which, amongst other very valuable information, also 
supplied mo with the opinions of Chief Engineers etc., on the proposals for 
standard bridge loadings made by the Road Engineer in his letter No. 0 21 
dated 14th May 1932. 
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6. As I desire to commeDt on expressions of opinion referred to in 
paragraphs 4 and 5 above, I have also appended to this letter a Supplementary 
Note (reproduced below) on Standard loadings and Impact for the consideration 
of che Bridge Loading and Permissible Stresses Sub-Oommittea of the Indian 
Hoads Congress. 

7. It only remains to deal with Mr. W. J. Turnbull’s reference to the 
weight of reinforced concrete made in his letter No. RM7/11031 of the 7th July 
1936 where he considers that the weight of a cubic foot of reinforced concrete, 
as generally accepted, is 160 pounds and not 160 pounds as given in Clauses B 2 
and D 16 of the proposed standard specification. This is a matter which comes 
under Mr. Turnbull’s terms of reference and therefore my remarks are as from 
the draughtsman of the B section of the proposed standard specification The 
weight of 160 pounds for one cubic foot of reinforced concrete is given in Clause 
15 of Section V of the copy of the Indian Railway Standard Code of Practice for 
Reinforced Concrete Construction forwarded to me by Mr. Turnbull himself and 
of which Section D of the proposed standard specification is an exact copy. 

8. On behalf of Mr. Turnbull and of myself the above papers etc., are 
forwarded to you in discharge of the duties laid upon us by the Council of the 
Congress by their resolution recorded under No- 6 of the minutes of the meeting 
of the Council of the Indian Roads Congress held at Bangalore on the llbh 
January, 1936. 


Note on Standard Loadings and Impact. 
hy Mr. W> A. Badioe. 

Historical; — In 1931 the Committee of Chief Engineers of the Road 
Conference considered the question of standard loadings for road bridges and 
they came to the following conclusions 

1. That there is really only one general road classification viz. roads 

which at present carry, or may in comrse of time be expected to 
carry motor transport. The exceptions being : — 

(a) special localities such as industrial areas. 

(5) other localities where motor transport can never be expected 
to mn. 

2. That bridges should be designed on the basis of 10 foot lanes smd 
that the general standard away from towns (in which wider 
bridges are frequently required) is a bridge with a clear width, of 
20 feet. 

3. That the loading should be 12 B.E.S.A. units for span up to 

100 feet decreasing to 8 units uniformly for spans from 100 to 
300 feet. 

4. That no impact need be added for main girders. 

This report was considered by the Railway Bridge Standards Committee 
in March 1932 and they made the following recommendations to the Railway 
Board ; — 

“The opinion of the Committee is that a suitable impact allowance is 
necessary and this is also the opinion of Mr. K.G. Mitchell, Consulting Engine er 
to the Government of India. (Roads). 
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Tho Commitfieo do not soo fcheii* way bo differentiate between classes of 
road bridges such as stool, tiuibor, masonry and reinforced concrete. They have 
carefully considered tho evidence available and i)art;icuhu’ly tho Conference 
Si»ecification for Highway Bridges compiled by a Couforence Committee com- 
posed of repi-esontativcs of tho American Association of State Highway oflicials 
and the American Eailway Engineering Association. 

This specification gives the impact factor : — 


L+12u 


where L“tho longtli in feet of tlie portion of tho fpan wliioh i.s loaded to 
produce tho unuximum stress in the member cousiduied. This formula gives a 
niaximum of 40 per cent of zero span, 23 iier cent in 100 feet and about 1 1 
per cent on a 300 feet span. 


Tho Conmiittco agree to thi.s allowance for spans of 100 feet and over, but 
consider it is too low for spans below 100 feet tlio reason l)cing (which is shared 
by Mr. ^ntchell) that tho average conditions of road surfaces in India warrant 
a slightly higher value for sliort s{)ans. 


Tho ruquiroinunts can suitably ire met by adopting for all sirans the impact 
formula 


I==ix 


_G5 
45 + L 


previously recommended by tho Committee, but subject to a maximum value of 
00 per cent. 

Asa corollary to ohj' rocommondationa wo recommend the adoption generally 
of the classification for standard loadings given in Appendix V to the Proceedings 
of the Road Conference and its Committees (India), hriofly as follows : — 

Class A for spooial localities and industrial areas 
„ B for general oases of all roads 
„ 0 for light traOio 

with the following spocificatioirs for each class : — 

Class A : — Tho Standard adopted .should bo to suit local conditions. 

Glass B : — For spans or loaded lengths up to 80 feet — 10 units of B.E.S.A. 
Road loading. For spans or loaded lengths exceeding 80 feet 
a reduction is proposed in the nuiiilror of uirics of B. E, S. A. 
loading to ho taken to provide for the lower avei’ago weight of 
vehicles on tiro longer spans. A sliding scale of units to be adopted 
from 10 at 80 feet to 6 at 300 feet is proposed, these loadings in all 
cases to be increased for impact as specified. This pr oposal for d 
slidiirg scalo, it may be noted, is in conformity with the latest 
Ministry of Transport proposals and tho American highway- 
standards and is also forecasted in tho Road Conference proceedings 
previously referred to. 

Class 0 : — ^For spans or loaded lengths up to 80 feet — 7 units of B.E.S.A. 
loading. For spans or loaded lengths exceeding 80 feet a sliding 
scale of units from 7 at 80 fept to 5_at 300 feet, . • 
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For nil cases one lino of tralVic is iissuunul to occupy a 10 foot width of 
hi’idgo It may bo nolud that provided a vohiolo niovos id a speed not oxcuud- 
ing J miles iiur lumi*, its impact olVect can ho nc^lccteah the maximum pormissi- 
bio axlo loail can ho increased hy uO per cent under om* iiropysal. 

Cases of special types of hiidfjes such as a Snspeiisiun. Cantilover etc. 
should 1)0 considored on lliuir individual inerit.s.” 

Tlio orders passed liy tlio Itaihvay Board on tl)e.so recominendutiuns aro 
as follows ; — 

(a) " Tho Commitleo mnko 0 principal recommendaLions vi/, Uiyli- 
way impact allowunce.s on hridf’es of tinthor, steel and stone 
•slioiild he indentical. This i.s uceupled hy the Bottl'd. Although 
tho impact uHowaneo on masonry arch lividges might ho dis- 
regarded idtogether, us recommended hy llio Indian lload Coii' 
foreneo, tho stresses duo to tho livo load itself uro rehttivelv to 
small that it heeonios imiimieriat whether impact alliUMiiiees aro 
added or not. It will ho jusliliahlo lhoref»>ru to a.ihfUj to ihu 
same factor tliroughout. 

(fi) An impact for spans hoLween r> fool and :K)0 fool. Tlio curve follows 
closely tho Amt-ncan curve with an inoicaso. in liio caso of spans 
of about (lO feet and under *lho curvo fall.-i between tho Mini.stry 
of Transport IPJ) cmveaiid iho American curve and gives a factor 
about 30 poi cent less than did tho curvo in 13 (‘ij of the 102(5 Kules. 

No direct experimental data have boon ])rnditced in support of 
this proposal hut it is recuguised that tlio culleciion of u.soful data 
is a matter of cuiisiderablo dilVieulty on account of tho lortuitoiis 
nature of tlio factois giving rise to road impact. Tho curvo as 
now proposed is accepted subject to fuluro modification which 
may ho found necessary to difi'croiUiato between high speed 
vehicles ou solid or pneumatic tyres. 

(c) An equivalent loading curvo for general and trunk roads for spans 
hotwoon 5 feet and 300 feet including tho impact allowanees 
proposed above. 

The curve on short spans corresponds to 10 units 13.E.S.A; load- 
ing with no additional knife edge load. This loading curvo is 
about 30 per cent heavier than that proposed hy tho Indian lload 
Committee on spans below about 30 feet but iiiipro.ximates to it 
on spans above 30 feet and is nowhero appreciably below it. Tlio 
proposed Class iJ loading is accepted subject to possible future 
moclitication in tho penuissiblo axle loading which may he found 
jnstifiablo to differentiate between solid and pneumatic byres." 

In addition the Railway Bridge Rules were modified, chiefly as regards 
the design of main girders of combined rail and road bridges. As this type of 
bridge would always be constructed under tho control of the Railway adliiini.s. 
tration these provisions have not been taken into consideration here. 

The views of Railway Engineers and tho Railway Board are particukrlv 
worthy of consideration because tho Railway Board maintains a body of 
Inspectors whose duty is to ensure tho safety of all bridges. Any bridge fallin« 
below the standard set by the Rules passed and accepted hy tho Railway Board 
19 scrapped. In. passing their Rules therefore tho Railway Board aro iullucuced 
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by a due regard to economy and to the costly nature of adopting rules setting 
up an unnecessarily high standard. 

The most -prorninont outcome of a study of the history of the proposals 
for standard loadings for road bridges is that the inrostigations hitherto have 
centred on selecting one or another fixed or variable number of British Engineer- 
ing Standard Association units. The adequacy or otherwise of the B. E. S. A. 
unit loading in respect of Indian Hoad traffic has not, apparently, been taken in 
consideration. 

It has been the object of the present investigation to repair this appai’ent 
omission, not so much with a view to setting up new standards but rather with 
a view of investigating actual prevailing conditions, the existence of any and the 
extent of limiting factors preventing increases of existing loadings, the strength 
and resistonce of road surfaces and the average and maxima load intensities per 
lineal toot of loaded roadway that the common run of goods carried, width of 
vehicles, loading and unloading times and other similar practical considerations 
have developed in actual practice under the stress of commercial competition. 

This investigation has comprised : — 

1. A study of the various motor vehicle rules adopted by the various 
provinces under the Indian Motor Vehicles Act 1924. 

3. An exhaustive analysis of existing motor vehicles of all kinds as 
actually made and used. 

3. The observation of actual motor vehicle traffic and the main factors 
govei'uing the management of its operation. 

4. A study of the strength of road foundations. 

PROVINCIAL MOTOR VEHICLES RULES. 


Practically every province lays down that the heaviest vehicle shall not 
exceed 12 tons, that is heaviest axle shall not weigh more than 8 tons and that 
the heaviest axle weight of a trailer shall not exceed 4 tons. 

In addition, the speed of such a vehicle, even if shod with pneumatic or 
solid rubber byres, is limited to 7 miles per hour with a relaxation for maxima 8 
tons axle weights of 12 miles per hour. 

The number of trailers is limited to 3 or alternatively to a total length of 
coupled vehicles of 7C feet. 

The exceptions are : — 


Madras. 

Bengal. 

Calcutta 

& 

Howrah, 

Bihar & 
Orissa. 

Punjab. 


Nil. 


Only one trailer. 

Whilst conforming, envisages the use of a superimposed trailer and of 
six wheelers allowing a total laden weight of 16 tons to such vehicles 
with 12 tons on the two rear axles 8 ton axles are limited to 8 miles 

per hour. 

7,5 tons total laden weight, 5 ton axles : only two trailers with 2|' 
bon axles Speed 8 miles per hour. 


Trailers 5 tons, local authority^ vehicles can weigh 16 tons, heavy 
piotqr vehicles restricted to main roads, 
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United As for Punjab. 

Provinces. 

Bombay. Permits a 14 tons traction engine with 3 trailers. 

These rules have obviously not been drafted from the point of view of the 
design of bridges where the spacing of axles is all important, since frequently 
maxima axle spacings are imposed instead of minima. The objects in view seem 
to be the general safety of the public and roadside property and the prevention of 
the destruction of the rofi.ds themselves. t 1 

Since these rules can be altered by a stroke ot the pen and since important 
variations exist already in different provinces they cannot form a firm basis for 
selecting a standard loading for bridges : they do, however, give a clear indication 
of the loads and speeds w'hich are considered permissible and safe. 

EXISTING VEHICLES. 

The most important consideration to a bridge designer is not only what 
the maxima axle loads are likely to be but their spacing; in otl;ier words the 
length density of the load. ’ 

Here practical considerations arc paramoiurt. It is impossible to pile up 
loads on moving vehicles of a fixed width (7 feet 6 inches) indefinitely— in effect 
heights of vehicles are limited to 12 feet, often less. The loaded platforms of 
lorries and trailers have also definite limitations — both by rule and also by 
practical considerations. Another factor is tliat commercial lorries like cargo 
vessels and railway goods wagons must bo made to take loads of average 
specific gravity. 

It was thought that the best means of collecting reliable data was to study 
modern motor lorry practice as it seems reasonable to assume that the rnakerg 
of these vehicles, exposed to competition, would concentrate their designing 
efforts on the production of vehicles which would be money earners for their 
owners. 

Having come to this conclusion, it also became apparent that the informa- 
tion required was the average laden weight of 'commercial motor vehicles per 
foot of their overall length and the spacing of vehicles when moving and when 
standing still, coupled and in convoy. 

After an exhaustive analysis of ail lorries made iu all countries of the 
world, remarkably uniform results wei’o obtained. The results given below 
are not based on average, but are averages of the upper third of the figures 
obtained the best selling types being given weightage 


Types of vehicles. 

Laden weight 
per foot of length 


. Heaviest axle. 

J 

10 to 12 ton 4 wheelers 

.62 T 

.43 T 

8 50 T ’ 

12 to 16 ton 6 wheelers 

■ ’ .58 T" 

.62 V 

‘ 7 25 T ' 

2 L to 23 .ton 8 \irheelers 

.78 T 

.82 T 

8.00- T ' 










’ ‘ ‘ Observation of Traffic. 

As regards the spacing of vehicles extensive observations have been made 
of actual road conditions, the drivers being Indians. The result is that for 
coupled A'ehicles the distance between vehicles is about 4 feat when moving thsi 
average distance between vehicles was found to be always more than 20 feet 
(see remarks under “SPEED") even in convoys of military lorries where the 
drivers are trained to keep close. When drawn up at stopping places, the 
distance apart was found to be five feat or more except in garages and parking 
places. This is, no doubt, owing to the height of the bonnet which makes the 
driver think he is closer to objects ahead of him than he actually is. 

Speed observations were also made but the results are not very reliable 
owing to the extrema paucity of vehicles anywhere approaching the maxima 
weights given. There is no doubt that nearly 98 per cent of the motor vehicles 
at present in use do not exceed 6 ton total laden weight and oven when over- 
loaded (which they very frequently are) cannot weigh much more than C6 per 
' cent of the loadings under consideration. Subject to this proviso, there is no 
doubt that the speed limits given in the provincial motor rules are persistently^ 
and universally ignored. Except oti gradients, oven the heaviest laden lorries 
with trailer travel at speeds between 15 and 23 miles per hour. 

The comparative lightness of the motor vehicles now in general use should 
not have too great an iniiuence on the deoision. There is no doubt, from 
Makers lists, that 12 ton four-wheeleis and 16 ton 6- wheelers are being made 
and sold in quantities in other countries and it would bo a mistake to omit them 
from consideration. There is ample evidence indicating that at present lorry 
owners, in choosing the type of lorry to use, are intluenced by factors liable to 
change. These are : — 

1. Low Avages of drivers, 

2. Low standard of maintenance, 

3. High cost of fuel and lubricants, 

4. High import duties on vehicles, tyres and spares, 

5. Short leads, 

6. Quick turn rounds. 

7. Limited capitals (small owners). 

All these conditions militate against the general use of the heavier types but 
these types are available, are economical and are increasing in numbers in other 
countries. There is also a tendency toAvards the adoption of Diesel Engines 
which Avill lower costs ; the gradual improvement of the surfacing of Indian 
roads will tend to stimulate long distance traffic requiring larger organisations 
commanding greater resources ; the existing crushing import duties are likely to 
decrease. AH' these causes seem to make it necessary to accept the probability, 
that weights of vehicles Avill increase over the average weight of the vehicles* 
now in general use. 

There is also another important factor on Avhich reliable evidence is avail- 
able. It is the considered opinion of motor vehicles manufacturers that axles of 
more than 8 ton capacity can be ruled out. There is a host of practical reasons 
for this, such as cost of tyres, strength of wheels, bearings and springs as well 
as of chassis, design that militate against it. It is also extremely difficult tq 
design 'an economical 12 ton lorry on 4 wheels and thp whole tendency is to go 



for more axles and medium axle loads, because until the road systems of all 
countries have developed very considerably, heavy axles loads strictly limit the 
ubiquity of the vehicle and lead to trouble in bad weather and on inferior roads. 

The only other combination that has to bo considered in regard to maxima 
axle loads is the tractor or traction engine followed by a train of trailers. A 
general survey of the world position is that this typo of road transport only 
survives in .appreciable quantity in the United Kingdom and is decreasing oven 
there, except for caravans, fairs and agricultural plant. For ordinary goods road 
traflic trains can only bo used economically if there are largo transport organisa- 
tions carrying out long distance haulage contracts, otherwise tho diversity and 
small size of consignments militate .against voluntary acceptance of the main 
disabilities of railways and the surrender of tlio very qualities of rapid home 
delivery and collection whicli are enjoyed by and give advantage to road 
transport. The tendency now is to develop tho caterpillar typo of tractor for 
work oif the roads, the road tractors being used only for very special loads 
carried generally on one trailer only of special construction. Tlio idea of loading 
up the driven axle with the weight of propelling machinery instead of pay load 
is uneconomical and could ouly ho generally accepted if extremely long trains of 
trailers become attractive. Tlia weight of evidence is against this being a likely 
possibility. 


Strength of Soad Foundations. 


This subject has an important bearing on tho problem as even if tho 
considerations outlined above bo ignored and the assumption is made that the 
axle loads of road vehicles, like those of iocomotivos, will increase consistently 
over a large number of years, tho strength of roads, either as they exist or as 
they can bo made must obviously be an unavoidable limiting factor. 

This conclusion leads to the consideration of tho standard of Indian roads, 
as they are and as they are likely to be. 

As the Chief Engiueei-s stated in tlieir report, outside cities or industrial 
areas, there can be only one standard of loading (no matter what the present 
conditions of anj' one road may be) and that standard of loading, as far as 
bridges are concerned, must logically be common to all roads where gradients, 
mountains and the like do not prevent the use of motor vehicles. 


If this, the most logical, conclusion be accepted, it seems inevitable to 
conclude that the standard of road construction must also be the metalled road 
on rubble soling. It is inconceivable that strong reinforced concrete roads or 
their equivalent will he so common as to make it necessary to accept them as 
the standard of Indian road construction rather than ns belonging to the special 
classification of the city or industrial area standard. This conclusion is streng- 
thened by the fact that this is the case throughout the world if we except some 
very small areas of the United Kingdom and some special motor roads in the 
U.S.A. and Italy. Everywhere else the strong concrete road is a city or indus- 
trial area standard and likely to remain so for very many years to come. 

The question therefore comes dowm to this— what is the greatest axlo 
load which a metaUed road with rubble soling can stand and keep the cost of 
maintenance within the limits of yearly maintenance budgets ? 


Without experimental data of our own, the answer may well be sought in 
the mapma axle loads adopted by the manufacturers of heavy motor vehicles 
most m demand. By these means we are really making a referen- 
dum of the motor transport owners and operators and of tho Koad Authorities 
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throughout the -world. If it be accepted that this is the best source from which 
bo seek our answer, there is no ambiguity in the reply. 


The typical lorries Nos. 1 and 2 shown in plate No. 1 represent a four 
wheeler and a six Avheeler which are typical of the heaviest type of vehicle 
which sells readily all over the world. . There are very iew types which impose 
more severe loadings, some owing bo one particular, some owing to others, but 
even if such vehicles should come into moderately general use, it is not unreason- 
able to assume that strings of these types would not cover both tracks of a 
bridge. There is also the safeguard that if vehicles are passed over a bridge at 
3 or 4 miles per hour an overload of 50 per cent is permissible. 

Comparison with B. E. S. A. Uiiit Loading. 

A glance ah plate No, 1 reveals the essential differences between these 
pi-acticall^'- evolved standard tj'pes and the B E.S A. unit loading. The latter 
only allows 10 feet between the leading axle of one train and the last axle of a 
preceding train, a condition quite unattainable in practice when the trains are in 
motion at speeds producing impact. The wheel base of the tractor and the 
spacing between the driving axle and the first axle of the trailer are also smaller 
than what obtains in actual practice. Against this, the B.E.S A. unit loading 
trailers are proportionally lighter than the trailers in general use. 

The effect of these differences is that the use of the B.E.S.A. unit loading 
penalizes all the most commonly used spans, say up to 100 feet, and is too 
light on the longer spans, if the 4 ton axle load for trailers and the three trailer 
plus lorry train contemplated in the provincial motor vehicle rules be accepted. 

The Proposed Standard. 

'Mstximum bending moments at the centre of span have been calculated and 
equivalent uniformly distributed loads for the maximum of the following loadings 
have been plotted on plate No. 2 . 


1 . 

2 . 

3. 

4. 

5. 

6 . 


For a series of standard type 4 wheelere. 

,, „ „ „ „ followed by one trailer.. 

„ „ „ „ „ followed by two trailers. 

„ „ „ „ 6 wheelers. 

„ „ „ „ „ followed by one trailer. 

„ ,, ,, „ „ followed by two trailers. 


It was found that case No. 6 gives the ruling or greatest bending moments 
except for very short spans where the 8 ton axle of the 4 wheeler has a gi'eater 
effect. The curve for the standax'd 6 wheeler with 3 trailers has not been shown 
because this gives a length of train exceeding 75 feet which is ban-ed by the 
Rules. 

From these curves an eveloping curve was deducted and is shown as the 
red “Indian Standard" curve. 

It can be defined as a constant uniform load of 0.34 tons per 1 foot of each 
traffic lane plus a knife edge load of 6 tons for computing bending moments, or of 
9 tons for computing shears with the limitation that for computing bending 
moments the total distributed load on spans of 30 feet and under shall never be 
less than 6.8 tons per lane of traffic over the whole span. 

This description dispenses with the use of tables, can be readily memorise^ 
a,n4 is simple and. handy for the computer. 
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In nlate No. 3 the central Bending Moments due to this standard plus the 

imuact increment recommended hereafter, has been plotted together with the 
bridge loadings adopted by the various provinces of India plus the impact incre- 
ments that have been laid down. 

The Indian He^vy Standard. 

Havin'* discovered an easy way of computing bonding moment curves it 
was thought desirable to extend the consideration of practical losings to the 
maxima loadings probable in industrial areas and big towns, which the Chief 
Engineers and the Eailw’ay Board left undefined. 

The investigations into the types of motor vehicles actually made and sold 
in auantities indicated that the choice was not so indeterminate as would 
aopir at first glance. Reference has already been made to the well 
estWished tendency to increase the capacity of motor vehicles not by increasing 
the axle loads (as is envisaged in the B.E.S.A, loadings) but rather by increasing 
the number of axles and the length of the vehicles. The practical reasons for 
this tendency have been given above and need not be repeated here but their 
opgency is indisputable. 

It has therefore appeared feasible to produce a type loading for the heaviest 
motor vehicles which can be or ai-e likely to be produced. It cannot be said, 
that vehicles of higher carrying capacities ctimiot be produced or will not be pro- 
duced. They undoubtedly can. But the point is that, in accordance with all 
the evidence, such increases can only be obtained by increasing the numbers of 
axles not by increasing the axle roads. So long as development of carrying 
capacity follows these lines, the capacity of bridges will not be materially affected 
as it is of indifference to the bridge designer whether a series of axle loads are 
those of a lorry or those of a trailer. The important thing is Uiat the maximum 
longitudinal density of loading which can practically be obtained with 8 ton axle 
loads be ascertained. 

It is on these principles that the heavy loading type vehicle showm on the 
plate has been constructed representing an 8 wheeler with 8 ton axle loads 
followed by trailers with 6^ ton axle loads. 

There is ample evidence that a bridge designed to carry a series of such 
loads will carry any motor vehicle which it is commercially possible 

to build. 

This loading can be defined as a constant uniform load of 0.58 tons per 
lineal foot of each traffic lane plus a knife edge load of 7 tons for computing 
Bending Moments, or of 10 tons for computing shears, with the limitation that 
for computing bending moments the total distributed load on spans of 20 feet 
and under shall never be less than 11.6 tons per lane of traffic over the whole 
span. 

Exceptions 

In defining the loadings of the new Howrah Bridge the Mookerjee Report 
envisaged a 50 ton boiler truck. In considering the design the Consulting 
Engineers found it unnecessary to depart from this suggestion as, on the wide 
oar^geway in question, the ordinary loadings on the 6 traffic lanes provided 
produced a greater effect than a 50 ton • boiler truck if passed over the bridge on • 
the traffic lanes nearest to the main trusses and when there is no other traffic. 

• In considering standard loadings for Indian road bridges it has not seemed 
advisable to penaiize the whole road deyelopment of the country by. attempting 
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ia.cafcet for auob special'aad excoptionalloads. - It has been thought* proiarable 
to selaob a reasonable heavy standard and , extend its application to all areas 
within municipal limitSi notified areas, industrial areas and particular mam 
roads where the nature of the traffic is such that strong reinforced concrete 
foundations have been provided or are likely to be provided. 

This appears logical. In addition to the heavier burdens and spemal 
freight loads likely in industrial areas, municipal vehicles, sanitary, fire fighting 
.and street watering, show a tendency to bo more ponderous than ordinary long 
distance traffic vehicles. It is also undeniable that road traffic composed of the 
type vehicles of the Indian heavy standard, if at all dense, would destroy the 
best metalled road on rubble soling in a very short time and that a solid concrete 
foundation is an essential concomitant to their circulation. 

Impact Factor. 

This question has bean given very careful consideration by the Railway 
Board and all their. very qualified advisors who have, for some years, now been 
.conducting careful impact experiments on railway bridges. The result of their 
labours can be studied in the annual reports of the Bridge Standards Committee 
and reveal a record of extremely interesting reaearoli and provide a mass of 
valuable information. It is true that railway impact effects are not on all 
■fours with road vehicle impact effects but they have a good deal in common. 

The railway impaot effect has been analysed to consist of : — 

.1, Hammer blows, consisting of the effects due to : — 

(а) over balance of revolving parts, 

(б) the acceleration and decoloration of the reciprocating par 

, acting through an inclined connecting rod, 

(c) the steam force on the piston. 

2, Lurching. 

, 3. Track irregularities. 

4. Speed of application of live load. 

.4ill the effects in Item 1 have been calculated and verified practically. 
' Extensive tests on spring deflections of locomotives have been canded out to 
measure the lurch and by subtraoting these factors from the total impaot effects 
an approximation to the effect of rail joints has been obtained. 

These results are far in advance of anything done in other countries and 
it would seem reasonable to accept tbe views of the men who have themselves 
carried out these investigations even though not based on actual road bridge 
tests, until the road Engineers of India carry out a similar research of their own 
on road bridge impact effects. Should such a course be decided on the experience 
of the Railway Bridge Engineers especially as regards recording apparatus and 
methods of carrying out teat will be found especially valuable and will save 
considerable preliminary work and expense. 

Another factor is that the demand for the replacement of level crossings 
by overbridge is likely to increase and it would be illogical to have two seta 
of standards, one for road bridges over Railways and another for road bridges 
over rivers. 

Failing a research into impact effects on road bridges by the Road Engi- 
neers in' India on the results of which a rational impaot formula oould be 
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formulated, acceptable to all, tho only choice which will secure uniformity is the 
formula chosen by the Railway engineers for thoir own road bridges. 

This formula has the advantage that tho impact increase, whilst consider- 
able on bridge members which are stressed most when the loaded length is 
20 feet and under (floor systeius ), is at the same time quite moderate on loaded 
lengths of 80 feet and over (main girders). In tho case of concrete bridges of 
100 feet span or more the main girders or arches will weigh several times the 
live load, so that a moderate increase in the hitter would only mean an insignifi- 
cant increase on the total loaded weight of the bridge. 

In such circumstances, as the Railway Board correctly .state, thoir 
formula can be of universal application to road bridges of any material, because 
where the formula has a large effect, viz. on tho floor systems, all bridges, 
whether of concrete or steel, usually use some from of concrete slab or the like 
and are thus logically and coiTectly on a par. Where, as in arch spans of fair 
size, the concrete bridge is more massive than the steel bridge the formula provides 
such slight increases in the live load that, in the case of the concrete bridge, the 
increment is so small as to render it unnecessary to differentiate between 
concrete and other materials. 

The Railway formula for impact on road bridges has therefore been 
proposed in the draft specification but has been slightly modified in order to take 
into account the relaxation (permissible for wido bridges) representing the 
improbability of each traflic lane of a road bridge being loaded up to the full 
standard loading and impact (which is a maximum) simultaneously. 

The Railway Board formula is : — 

subject toa maximum of 50 per cent. 


The proposed formula is 


3rX 


65 




'Subject' to a maximum of 50 per cent. 


where L is the loaded length which gives the maximum stress in tho member 
tinder consideration and n is the number of 10 feet traffic lanes. 


In plate No. 4 the proposed standard loadings (plus impact for one lane of 
traffic) have been plotted together with tho Railway Board ‘‘B’’ciass loading for 
comparison. 


Classification of Roads. 

Having selected the two standard loadings viz. the “Indian Standard 
Loading” and the “Indian Heavy Standard Loading" and the Impact increment, 
it only remains to define the class of roads to which each loading is to apply, 

The definition that covers all tho promises of the foregoing discussion 
would appear to be : — • 

Indian Heavy Standard : — To be used for designing road bridges for all 
roads within municipal limits, notified ai'cas and industrial areas 
and for all other roads which arc already provided with a strong 
reinforced concrete or equivalent foundation or aro likely to be so 
provided. 
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Ittdim Standard Loading ;~To bo used for designing road bridges for all 
roads in India which carry or may carry motor traflic which aro 
not cominised in the Heavy Standard Classification above. 

A third standard loading to apply to roads where only 30 cwfe. lorries and 
buses aro allowed to run has also been investigated but the resulting loadings 
come so far below the loading duo to a crowd of 84 pounds per square foot 
that the idea was dropped. 

The effect of a crowd is loss than the Indian Standard Loading advocated 
above, but the difference is not large enough to justify a third light standard 
based on the crowd load and light vehicles with effects equal to or less than the 
crowd load. 

In addition the classification adopted by the Chief Engineers is so simple 
and logical that only the very strongest reasons could justify any proposal to 
modify it. 


Latter from Mr. W. J. TavnhuU of THE CONCRETE ASSOCIATION 
OP INDIA, BOMBAY. No. 11/47/11031 dated the 7bh July, 1936 to Mr. 
.“W. A. Badice, Calcutta. 

I have now gone through the papers enclosed with your •A/729 of the -12th 
June, (not reproduced). 

Proposed Standard Loading— agree with your proposals. 

Impact Factor — It would appear to be the opinion of many bridge autho- 
rities that a lower impact factor should be applied to certain types of reinforced 
concrete highway bridges, and in this connection I am enclosing a few authori- 
tative references (reproduced below) which I have collected. 

I do not wish to stress this point unduly at present as in common with 
yourself I think it is of vital importance that standard specifications should be 
evolved with as little delay as possible. 

I auggoat therefore that your note should be put forward as it stands 
together with the enclosed references, and that the main committee should 
decide whether steel bridges and reinforoed-oonorete should be treated alike as 
regards the impact factor. 

Weight of Beinforced Concrete— 'She generally accepted weight per cubic 
foot is 150 pounds and nob 160 pounds as mentioned on page 5 of your 
specifications. 

I think you can send the combined final draft direct to Mr. K. G. Mitchell 
without any further reference to me. 

I. IMPACT. 

The percentage inorease of loading to cover impact stresses specified by 
the Ministry of Transport^ in the case of large span bridges is somewhat high. 
This increase of 60 per cent, is that usually applied to reinforced oondrate railway 
bridges, and in other countries one half this amount (25 per cent.) is genei-ally 
adopted as the impact allowance for ordinary rolling loads on reinforced concrete 
structures. This amount is further greatly reduced, or even excluded entirely, 
for all members other than those comprising the actual deck construction. 



. iDhe question of impact introduces a time factor whicli in turn inevitably 
involves the mass or inertia of the structure subjected to it. For this reason, 
and owing to the molecular structure of concrete itself, vibratory stresses are 
less in a concrete bridge than in a steel structure of the same strength. The 
speed of the vehicle causing impact is also obviously of the greatest importance, 
and, while lighter and faster vehicles may cause higher impact stresses,- the 
standard loading in question must always be of comparatively low speed- and 
the percentage increase therefore relatively small. 

Furthermore, the proximity of a member under investigation to the point 
of load application is important as regards the elTect of impact upon the stresses 
produced in the member. The method adopted by the Ministry of Transport 
of increasing the static load by 60 per cent, results in this increased load being 
applied to all members comprising a bridge of any type, and consequently some 
of the members remote from the load are designed to resist impact stresses 
'which cannot conceivably affect them. The Continental method of speoifjdng 
a decreased permissible working stress varying in amount according to the 
proximity of the members to the load is considered by many responsible engineers 
to be the most efficient and proper method of dealing with impact stresses. 

It should be noted that in some small bridges an impact allowance of 50 
per cent, may be, if anything, on the low side, especially for bridges of the girder 
type. Eeinforoed concrete slabs, if properly designed, possess remarkable resis- 
tance to loading of all kinds, and it is for the beam members of such bridges that 
care should be taken with regard to impact stresses. 


(Extract from Eeinforoed Concrete Bridges — by W. L. Scott — Page 9.) 


II. A Comparison between Eeinforoed Concrete and Steel from the Point of 

View of Bridge Dynamics. 

t • 

The dead weight of a reinforced concrete bridge is usually considerably 
higher than that of a steel structure of equal carrying capacity; consequently the 
live load produces a much smaller increase of stress in the reinforced concrete 
structure. The Author discusses the dynamical effect of the passage of the 
live load across a bridge, under the following heads : — 

(l) The Zimmerman effect, produced by the centrifugal force developed 
by the live load an account of the curvature of its trajectory when ‘ passing oyer 
the deffeoted line of the bridge ; this can be avoided by giving' the ''structure a 
proper camber. The Author states that the increase of stress due to this effect 
in a reinforced concrete bridge Avould be about three-quarters of that for a steel 
bridge. (2) The Timoshenko effect, or the magnification of the load produced 
by the shockless oscillations of the bridge generated by the passage of the load: 
this depends upon the frequency of vibration of the structure, the frequency of 
reinforced concrete being about 63 per cent. Higher than that of steel. 
According to to the Author’s calculation, the increase of stress in a reinforced 
concreat bridge due to the Timoshenko effect would be about 15 per cent, less 
than in a steel structure. (3) Direct shock produced by the Impact of a load 
falling on to the structure, eg. a. wheel at an open rail-joint. In this case the 
stresses in reinforced concrete are greater than in steel when the span is less 
than 32.8 feet; for longer spans the reinforced concrete stresses are the smaller. 
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(1) Haramov-blow oausod by fcho effeot of unbalanced rotating masses on a 
vohiclo. The Author states that the stresses in a reinforced concrete bridge due 
to hammer-blow are 89 per cent of those in the corresponding steel bridge. 
Ho concludes that for medium-span and long-span bridges a lower impact 
allowance should bo made wiion reinforced concrete is used, but that for spans 
of loss than 32.8 foot exposed to shock loading, a larger impact allowance is 
rcquirod. B. Tillmann. {Ost. Ing. Arch. Vor. 81,420-424). 


{Extract from Engineering Abstraots, New Series No. 43. April, 1930). 


III. The Adolphe Bridge over the Pertrusse Valley, Luxemburg. 

The Author describes tests made with delloctomotors, oxtensomotors, 
seismographs, and other apparatu.s on the Adolphe bridge — a masonry arch of 
82.2 metros (269.7 foot) span and 21.83 inoti’cs (71.6 foeli rise — with the object 
of ascertaining tho behaviour of such a structure under test-loads consisting of 
heavy voiiiclcs, and also under tho action of an o-scillator giving a pulsating 
force at various frequencies of revolution. Tiio results indicate tliat tho material 
behaves elastically with little permanent sot. Tho vertical deflexion at the 
crown under a test-load of 225 j metric tons distributed over a length of 41,42 
metres (135.9) feet was 1/53,000 of tho span, and was very small imder a dis- 
tributed load of 650 kilograms per square metro (133 pounds per square feat). 
Tho greatest compressive stress at tho crown, assuming a modulus of elasticity 
of 2,540 tons per square inch was 122 pounds per square inch, and with one 
exception tho tensile stresses measured %s'cro loss tlian tlio calculated values. 
The impact-coofliciont during tlio passage of lorries at a speed of 15 kilometres 
(9.3 miles) per hour was 30 per cent ; for tramwayoars and lorries at 12.15 kilo- 
metres (7.5 — 9.3 miles) per hour it was 10 per cent. TJio natural frequency of 
tho arch was found to bo 4 porio<ls per sec., tho amplitude of vibration being 
±0.474 millimetres (0.0186 inch). At tho quarter-span the direction of oscilla- 
tion during resonance was oblique and nearly perpendicular to tho axis of areh. 
Under a test-train tho maximum vibration at tho crown was ±0.14 millimetres 
(0.0055 inch), but tho longitudinal vibrations wore oxtromoly small except when 
tho tost-vohiclos wore braltod siuldouly. 

Mo Ros. (*Ann. P. ot 6.105-ii 469-506). 


(Extract from Enginooring Abstraots, Now Series No. 67, April, 1936). 


BRIDGE ENGINEERING. 

BY 

WADDELIi VOIi. 1 
Extract from page 131. 

*'Tfao author is now oraploying tho impact values given by the curves of 
Dig, 70 for oleotric railway loads on Highway bridges. Eurthormoro, for both 
highway and olootric-railway loadings, tho full values arc usotl for timber floors 
only. For conorate slabs on steel bridges, then are reduced one-fourth; and 
for reinforced concrete structures one-half'. 
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SUPPLBMENTAEY NOTE ON STANDAED LOADINGS AND IMPACT 

BY 

Mr. W. A. Jiadice. 

Impact In his lottor No. E./47/1103I dutetl fcho 7fch July 1936 Mr. W. J. 
Turnbull states that in the opinion of many bridge authorities a lower impact 
factor should bo applied to cox’tain types of reinforced concrete bi’idges and in 
support ho encloses a few authoritative references collected by him for the 
perusal of the Main Committee. 

In my original Note (see pages 377-401) I explained how I came to select 
65 

the formula a X (n+l) — * doiug so I followed the decision of the 

45 +L — n — 

Director of Civil Engineering to the Eailway Board regarding proposals by the 
Eailway Standards Committee. Briefly summarised these were : — 

1. That with the present imperfect knowledge of impact effects this 

formula seemed reasonable. 

2. That it is convenient to have the same formula for all typos of 

bridges. 

3. That the oft’oet of this desirable unifonnity whilst erring perhaps 

on the side of severity in the case of certain tyiies of concrete 
bridges, was so small in comparison to the dead weight of the 
structure that the desirability of uniformity preponderated. 

Like most other questions of this kind a decision must bo based on quanti- 
tative factors rather than on general statements and I have therefore collected 
quantitative data. 

Eoferring to Mr. Turnbuirs roforoncos, wo have the following : — 

1. Impact factor specified by Ministry of Transport is 50 per cent for 

all spans and is usually ai)plied to reinforced concrete bridges. 

In other countries the impact factor for reinforced concrete struc- 
tures is 25 per cent and this is reduced or even excluded entirely 
for parts not in the deck. 

2. Tho Zimmerman effect referred to duo to centrifugal force is 

extraneous to this discussion and is dealt with in a separate clause. 

Tho Timoslionko effect due to speed of load is about 16 per cent 
less for a eoncroto bridge than a steel bridge. Shock effects are 
greater for concrete bridges up to a 33 feet span, smaller in longer 
span. Hammer blow effects in a concrete bridge are 89 per cent 
of those in a steel bridge. 

3. In tho Adolphe bridge, Luxemburgh, actual defleotometer, extonso- 

motor and seismograph experiments showed that in a masonry arch 
of 270 feet lorries produced 30 per cent impact and tramears 
10 per cent. 

4. Waddell uses 50 per cent only of his impac^ factors in the case of 

couovoto bridges. '■ 
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la comparison with tha above authoritative references I reproduce the 
actual impact factors recommended by the Eailwayy Board and adopted by me 
in the proposed standard specification. 

Impact factors ; — 

BRIDGE WIDTHS 


Span. 

1 Trade. 

2 Track. 

3 Track. 

4 Track 

60 ft. 

0.2825 

0.2047 

0.1970 

0.1666 

80 ft. 

0.2600 

0.1970 

0.1685 

■ 0.1328 

100 ft. 

0.2242 

0.1667 

0.1327 

0.1102 

120 ft. 

0.1968 ■ 

0.1446 

0.1141 

0;0940 


The corresponding impact factors recommended by Waddell as reduced for 
concrete bridges are ; — 


Span. 

1 Track. 

2 Track. 

r? Track, 

4 Track. 

60 ft. 

0.1925 

0.1060 

0.1300 

0.1160 

80 ft. 

0.1775 

0.1375 

0.1125 

0.0960 

100 ft. 

0.1700 

0.1260 

0.1000 

0.0850 

120 ft. 

0.1575 

0.1160 

0.0900 

0.0726 


Below are given examples of 6 actual concrete bridges and the'* effect of the 
above small differences on them. 

1. Celular Spandrel Arch : — 72 feet span, 24,6 feet roadway (3 lanes of 
traffic). 

Dead load 417 tons 
Live load 146 „ 

Total load 563 tons 

Impact allowance by proposed formula 25 tons being 4.45 per cent of total 

load. 

„ „ Waddells factor 17.8 tons 

, Difference 7.2 tons being 1.28 per cent 

of total load. 

2. Open Spandrel Arch : — 235 feet fspan, 23 feet roadway (2 lanes of 
traffic). 

Dead load 2,683 tons 

Live load 286 „ 

Total load 2,969 tons 

Impact allowance by proposed formula 24 tons being 0.79 per cent, of 

total load. 

,, „ Waddells factor 21.5 tons 

Differenoe 2.5 tons being 0.084 per cent 

gt total load, 
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3. Open .Spandrel Arch 22 feet span, 33 feet roadway (3 lanes of trafSc). 

Dead' load . 2,529 tons 
Live load 407 „ 

Total load 2,936 tons 

Impact allowance by proposed formula 27 tons being 0.79 per cent of 

total load. 

„ „ „ Waddells factor 24.4 per cent. 

Difference 2.6 tons being 0.089 per cent 

of total load. 

4. Open Spandrel Arch : — 158 feet span 49 feet roadway (5 lanes of traffic). 

Dead load 3,211 tons 

, Live load 493 „ 


Total load 3,704 tons 

Impact allowance by proposed formula 31 tons being 0.84 per cent of total 

load. 

„ „ Waddol formula 22.1 tons 


8.9 tons being 0.024 per cent of 
total load. 

5. Bowstring Girder (Concrete) 136 feet span, 17 feet roadway (2 lanes 
of traffic). 

Dead load 3,369 tons 

Live load 1,193 „ 


Total load 4,562 tons 

I 

Impact allowance by proposed formula 157 tons being 3.44 per cent of 

total load. 

„ „ „ Waddell factor 119 tons 


Difference 38 tons being 0.83 per cent- of 

total load. 

The differences in using the factors proposed by Mr. Turnbull’s 4th 
authority and the proposed formula aro respectively : — 

1.28 per cent, 0.084 per cent, 0.089 per cent, 0.024 per cent atd 0.83 
per cent of the total load. 

, ■ It would appear that the Eailway Board’s technical advisers were quite 

justified in stating that differences would be so small as to be insignificant when 
weighed against the advantages of uniformity. 

The above tables also show that the proposed impact allowances are well 
below those mentioned in Mr. Turnbull's 1st authority. 

The proposed formula gives an impact factor of 10.3 per cent for the 
Adolphe bridge quoted by Authority No. 3 against a measured effect of 30 
. per cent from lorries and 10 per cent for tramways, 
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Steam Rollers ‘.—Practically every province has adopted the 15 ton steam 
roller plus a crowd preceding and following it plus 25 per cent impact. 

It is well established that a vehicle moving at 3 to 4 miles an hour 
produces practically no impact effect. 

The only possible way in which a steam roller could produce a very slight 
impact effect is if one of its wheels goes over a largo stone which doos not 
crush under it. 


The heaviest wheel is less than 6 tons so that even if this be doubled the 
total weight put on the bridge cannot exceed 15+6=21 tons. 

The loadings recommended by me for a 2 traffic lane bridge are ; — 


60 

ft. 

span 52.8 

90 


66.4 

100 

a 

„ 80.0 

120 


„ 93.6 

It 

must 

be apparent 


Live Load. 


tons 


Impact 

Allowance. 


Total. 


12.7 

tons 

65.6 

tons 

13,1 

t1 

79,6 

ff 

13.3 

it 

93.3 

11 

13.5 


107.1 

ii 


comparison, even if we leave out of account the impossibility of having a i'oller 
in motion with the bridge fully loaded with fast moving lorries. 


OPINIONS OP CHIEF ENGINEERS ETC. 

Madras. 

Plate No. 3 appended to my original 'rnote on Standard loadings and 
impact herewith shows that the proposed standard loading plus impact is practi- 
cally indentical with the Madras standard loadings plus impact as specified. 

There seems to be no reason why the proposed loadings and impact should 
not be adopted as all the Madras standard designs would not be affected. In 
new designs the proposed loadings produce much simpler calculations for floor 
systems. In a recent case I had this worked out. Using the Madras specifica- 
tion 14 sheets of calculations were necessary. With the proposed standard 2 
sheets sufiSced. The result was indentical. 

Central Provinces. 

A standard loading derived as in my original note seems more in accord with 
realities than a varying number of B.E.S.A. units for the reasons given therein. 

Burma — 6. 

There is a wealth of data proving that impact effects increase the stresses 
in the main girders of a road bridge. The logical way to allow for a variable 
impact effect is to use a variable impact factor and not by varying the standard 
static load. 


Bihar and Orissa. 

The loadings used in this province are definitely lower than in any other 
povince. Whether it is wise to limit the capacity of motor traffic for ‘a con- 
siderable number of years is doubtful and it seems false economy nob to cater for 
probable future development. The history of Indian railway bridges clearly 
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s)iows fcho vast sums of money required to raise the loading standards on existing 
bridges. 

I doubt whether the small dilToronco in cost of girders that would be 
caused by the higher standard proposal would in reality binder development as 
such extra cost in now construction represents less than 1/lOOOtb of the cost 
of a new road. 

The suggestion that impact measurements should be carried out is an excel- 
lent one but it should bo realised that a satisfactory investigation would be both 
costly in apparatus and personnel but would taka a considerable time. 

United Provinces. 

As no grounds are given for the recommendations made it is difficult to 
express an opinion. 

Bombay, 

The Bombay standard for bridges up to 30 feet span is clearly much 
heavier than the makers of nicchiinicul transport envisage. Otherwise the 
proposed loadings seem to conform closely with their requirements (see plate 
No. 4 ). 

Army Headquarters. 

The same remarks as apply to Bihar and Orissa apply to Baluchistan and 
transborder areas. It would seem a mistake to limit permanent bridges to the 
bare military requirements as the civil mechanical transport has developed 
recently to un enormous extent. So far private owners have chiefly relied on 
military surplus sales tor their transport but when this source of supply is 
exhausted modern heavy vehicles will begin to circulate in those regions. 
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APPENDIX III. 

, INDIAN ROADS CONGRESS 


List of Papees in Annual Proceedings 


Volume 1—1934. 


1. “ Objecbs and organisation of a Permanent Iiiilian Roads Congress " by 

K, G. Mitchell, M. Inst. C.E. 

l-(a). Recant methods used for the treatment of roads with bitumen and tar 
in Delhi Province by, A W. H. Dean, M.O., I.8.E. 

2. The Trend of development in the United Provinces in the matter of im- 

proving Road surfaces with special reference to recent experiments by 
O.-R Hunter, M. Inst. O.E., A.M.I.B, (India). 

3. Earth Road Construction and Maintenance by Machinery by 6. W. D. 

Breadon. 

4. Earth Road Development and Stabilisation with Gravel by Lieutenant- 

Colonel A. V. T. Wabely, D.S.O., M.O., R.B, 

d-(a}. Progress made in the use of tar and bitumen in the Punjab since the last 
'■ ' International Road Congress in Washington in October 1930 by S. G. 
, Stubbs, O.B.B., I.S.B. 

o-{b). Notes on the uses of Tar, Bitumens and Emulsions, in the Punjab by 
R- Trevor Jones, M.O., A.M. Inst. C.E. 

6. ' Asphalt Roads by G. G. 0. Adami, B.A. (Cantab). 

7. The Use of cement concrete for the construction of Roads in the Bombay 

Presidency by L, B. Greening. 

8. Cement Concrete Roads by W. J. Turnbull, B.So., M. Inet. C.E. 

9. Concrete Roads in Hyderabad (Deccan) by M. A. Zeman. . 

10. Corrugation of waterbound Macadam Road Surfaces in the !^mbay Presi- 

dency, and a cure by Henry J. M. Oousens. - • 

11. Notes on the plant used for quarrying and granulating and operating 'costs 

of the Gauhati-Shillong Road, Khasi and Jaintia Hills iSvision, Assam, 
by B. R Taylor, R.N. 

12. Soma Physical Aspects of Tyres and Roads by G. L. W. Moss. 

13. Test Tracks— A Suggestion by 0. D. N. Mewoa,' 
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Volume 11—1936. 


ii. Analysis of Delhi Eoad Traffic Census by B. L. Sondhi, I.S.B. 

15. A study of the relationship between vehioular traffic and road surfaces as 

affecting the selection of an economic road surface by H. P. Sinba, I.S.E., 
and A. M. Abbasi. 

16. Traffic census and raad diagrams by Lt.-Oolonel W. deH, Haig, D.S.O, 

17. Economics of road maintenance by S. Bashiram', I.S.E. 

18. Necessity for surface treatment of important tourist lines and some 

aspects of economical work in that direction by V. S. Srinivasaragha 
Achariar Avl. 

19. Treatment with molasses of the Bangalore-Mysore Eoad by Diwan 

Bahadur N. N. Ayyangar, B..A., L.O.E., M.I.E. (Ind)., I.S.E. 

20. The Eoad problem in India with some suggestions by Colonel G. B, 

Sopwith. 

21. General review of the results of recent road experiments in India, as 

revealed by modern practice by K. G. Mitchell, O.I.E., I.S.E. 

22. Eoad Eesearch and Eesults by C. D. N. Meares. 

23-(ft), Beads in raral are.as (Village Eoads) by H 0 D 3 '. Captain Eao Bahadur 
Choudhry Lai Chand, O.B.E., M.L.A. 

23-(6). Gravel roads by Diwan Bahadur N. N. Ayyangar, B.A„ L.O.B., 
M.I.E. (fnd), I.S.E. 

23-(c). VitrLtied bricks foe surfacing roads in deltaic districts by G. Gopala 
Acbarya. 

•24. Oil as a binder for earth and gravel roads by T. G. E. Hemsworth, B.A., 
B.A.L, I.S.E. 

25. Gsment bound roads by W. J. Turnbull, B.Sc., M. Inst. O.E. 

26. The necessity for a reasonably uniform standard loading for design of 

concrete bridges and a suitable loading for such and other types of 
bridges on highways in India by M. G. Banerji, B.A., B.B., A.M. Inst. 
- . ’M. & Oy. E., M.A.B.. F.S.Sc. 

27. ' Design of highway bridges. The necessity for an All-India specification 

by ’-W- -“I- Radice, B.A., A.M.I.C.E., G. Wilson, B.Sc,, A.M.I.C.E., and 
P. E. S.-^AYarren, B.A.. A.M.T.O.B. 

28. Permissible, stresses in concrete bridge design by W. J. Turnbull, B.So., 

M. lost.^.E. 

29. Eeguiation and control of motor transport in Mysore by H. Bangachar, M.A. 

30. -- The construction of the Shillong-Jaintiapur Eoad in the Khasi Hills, 

Assam, by E. E. Oormack, LS.E. 

31. A mghod of rapid road reconnaissance by Captain W. G. Lang Anderson, 



276 


Vohme 111—1937. 


S2, Some notes on the lay-out of rural and suburban roads in the Punjab by 
E. Trevor Jones, A.M. Inst. O.E. 

33. Eoads and Public Health in India with special reference to malaria, 
borrow pits, and road dust by Baja Bam, B.Sc., A.AI. Inst. C.E., F.B. 
San. r., M.I.E. (Ind). 

31. Further notes on treatment of roads with bitumen and tar in Delhi 
Province by A. W. H. Dean, M.O., I.S.B. 

35. Economy and developments of bonded brick concrete roads, plain and 

reinforced by .A. K. Datta, B.E., il.I.E. (Ind.), 

36. Ways and means of improving the bulloek-cart by G. L. W. Moss. 

37. Indian “Eoad-Aggregates” their uses and testing by R. L. Sondhi, I.S.E. 

38. Submersible bridge across Parbati Biver at mile 231 Agra-Bombay Eoad 

by Eai Bahadur S. N. Bhaduri. 

39. Optimum weight of vehicles of extra municipal roads by K. 6. Mitchell, 

O.I.E., I.S.B, 
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Mr. D. G. Sowani, Executive Engineer, Kolhapur State, Kolhapur. 
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Mr. D, W. Goghari, Retired State Engineer, Bhavnagar. 

Mr. G.P. Bhandai-kar, Chief Engineer, Holkar State, Indore. 
Mr, A. K. Datta, Private Consulting Engineer, Calcutta. 


Mr. T. Campbell Gray, Shalimar Tar Products Ltd., iladras. 

Mr. S. N. Chakravarti, I.S.E., Municipal Engineer, Delhi. 

^'stiler^BbSbay Oo-Manager, Concrete Association of India, Homo 


(1935) Bombay. 

Chief Engineer. Public Works Department. Travancoro. 

Secretary. Indian Read and 

y^iansport Development Association, Bombay. 

Mr D* Chief Engineer, aii'd Director, J. G. Gammon and Co., Bombay. 

Traders^Lt^®BoXa|^.)^®-*?^ Society of Motor Manufacturers and 
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Mv. B. A. Nadii’shah, Deputy Chief Engineer, Bombay Municipality. 

Dr. M. A. Korni, Chief Engineer, Reinforced Concrete Department of Bii-d & 
Co., Ltd., Calcutta. 

Mr. H. M. Surati, Divisional Engineer, Roods, Hyderabad (Deccan). 

Mr. A. Lakshminarayana Eao, District Board Engineer, Masulipatam, Kistna 
District. 

Mr. Pestonji L. Golwala, Civil Engineer, Bombay. 
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Mr. N. P. Sanjana, Engineering Assistant, Chief Engineer’s Office. Bombay 
Port Trust. 

Afr. K. M. Bedekar. Bxeoutive Engineer, Public Works Department, Ahmadnagar. 

Sardar Bahadur T. S. Malik, O.I.E., Superintending Engineer, Central Public 
Works Department, 

Mr. GokalChand, Assistant Engineer, Public Works Department, P.O. Kanki 
. Raipur District. 

Mr. Balwaut Siiigh Budhiraja, State Engineer' Nabha. 



280 


jRai Bahadur Sri Narain, Chief Engineer, Cawnpore Itnprovemeni; Trusi;. 

Mr, A. B. Whitby, Executive Engineer, Public Works Department, Lashio, 
Northern Shan States, Burma. 

Mr. D P. Dave, S.D.O., District Council, Basim (Berar^. 

Mr. Indra Narain Khanna, Asphalt Boad Engineer, Standard Vacuum Oil Co„ 
Delhi. 

Eai Bahadur Sunderlal, Superintending Engineer, Public Works Department, 
Nagpur. 

Mr. P, D. Batnagar, Executive Engineer, Public Works Department, Jubbulpore. 
Mr. B. A. Pereira, District Board Engineer, Coimbatore, South India. 

Mr. J. C. Hardlikar, Executive Engineer, Public Works Department, Parbhani, 
(Nizams Dominions). 

Mr. S. K. Madhav, Assistant Engineer, Indore City Municipality. 

Mr. W. P. ‘Walker, Executive Engineer, Public WcAs Department, Agra. 

Mr. M. Eapan, Municipal Engineer, Bozwada. 

Mr, A. Nageswara Ayyar*, Special Engineer for Boad Development, Madras 
^fr. P. L. Bowers, Chief Engineer, Jaipur State. 

Ml*. H. V. Chapman, Executive Engineer, Burma Public Works Department, 
Bhamo. 

Mr. Gopal Singh Nat, Assistant Surveyor of Works, M. E. S., Peshawar. 

Mr. B. A. Eitzherbert, Superintending Engineer, Public Works Department, 
Bonabay. 

Mr. K. C. Khatri, 3 D.O.. P.W.D.. Shahbazgarhi, Tehsil Mardan, N.W.F.P. 

Mr. G. Seshagiri Eao, Executive Engineer, Krisbnaraja Sagara, Mysore State. 
Mr. W. H. Bowlands, Technical Assistant, Burmah-Shell Oil Co., Ltd , Calcutta. 
Jfr. W. A. Griffiths, Boads Assistant, Burmah-Shell Oil Co., Ltd., Calcutta. 

Mr. V. N. Bangaswami, Boad Engineer, Burmah-Shell Co., Madras. 

Mr. Ian A. T. Shannon, Technical Expert, Burmah-Shell Co., Madras. 

Mr. Balvant Vithal Vagh, Bond Engineer, Burmah-Shell Oil Distributing 
Company of India, Ltd.. Bombay. 

Mr. M. G. Banarjee, Controller of Stores, Calcutta Corporation. 

Mr. D. N. Endlaw, Civil Landing Ground, Gaya. 

Mr. K. S. Eaghavachary, Assistant Enginesr, Ganjam District Board, Ohlcaoole. 
Eai Sahib Tulasidas Banerji, Assistant Gatrison Engineer, Jubbulpore."' 

Eai Sahib Sant Bam Sahgal, State Eugineer, Mewar State, Udaipur. 

Mr. Mohammad Abu Taraib, Superintending Engineer, Hyderabad ('Deccan). 

Mr. M. E. Duraiswami, Municipal Engineer, Kumbakonam. ^ 

Mr. T. Lokanatha Mudaliar, District Board, Engineer, East Tanjore, Nagapatam 
S. I. B. ■ ■ ' 

Eao Bahadur K. J.. Gandhi, State Engineer, Junagadh (Kathiawar). 

Mr. H. P. Marker, Superintending Engineer. Mysore Public' Works Department, 
Bangalore. 

Mr. E. W. Scald well, Superintending Engii^aer, ]tfyaoi’e, Bangalore.. 



i381 


Mr. W. H. Murphy, Municipal Executive Engineer, Bangalore. 

Mr. J. W, Eiwin, Assistant Engineer, Bangalore. 

Mr. A. N. Thorpe, Consulting Engineer, Dholpuv State, Dholpur. 

Mr. M. A. Srinivasachari, Executive Engineer, Mysore Public Works Department 
Bangalore. 

Mr. K. S. Kamamurti, District Board Engineer, Guntur District, Orgolo, (Madras 
Presidency). 

Mr. Safdar Ali Sharoaf, Offg. S.D.O., Luxottipat Taluq Asifabad District 
Hyderabad (Deccan). 

Mr. From Nath Khanna, District Board Engineer, Muttra. 

Mr. K. Tirumalaiswami Ayyar, District Board Engineer, Aladura. 

Major A. E. Stevens, Offg. O.R.B., Western Command, Karachi. 

Mr. S. G. Stubbs O.B.E., Chief Engineer, Punjab, P.W.D., Lahore. 

Mr. L. A. H. Winckler, Executive Engineer, Mysore, P.W.D., Kadur. 

Mr. V. V. Patankar, Executive Engineer, Alysoro, P.W.D., Mysore. 

Mr. N. Narasimha Iyengar, Assistant Engineer, No. 3 Sub-Division, Mysore, 
Public Works Department, Dodballapur. 

Bai Sahib K. 0 Gue, District Engineer, Jalpaiguri, (Bengal). 

Mr. N. Subha Bao, Executive Engineer, Public Works Department, Bangalore 
Division, Bangalore. 

Diwan Bahadur N. N. Ayyanger, Chief Engineer of Mysore. 

Mr. H. Hughes, Chief Engineer, Burma Public Works Department, Eangoon. 
Mr. H. J. Tonks, Offg. Chief Engineer, Bangoon Corporation, Rangoon. 

Mr. A. Oram, Superintending Engineer, Public Works Department, Pesiiawar. 

Gapt. W. G. Land-Anderson, Executive Engineer, Public Works Department, 
Mardan (N. W. E. P.). 

Mr. Vishnu Farashuram Kanheve, State Engineer, Bhor State. 

Mr..V. S. Eangaswami, .Assistant Engineer, District Board, West Tanjore. 

Bao Bahadur Lakshminarayana .Aiyar Yenkatakrishnan, Superintending Engineer, 
Tanjore Circle, Tanjore, South India. 

Mr. R. L. Varma, Executive Engineer, Public Works Department, Tezpur 
(Assam). 

Mr. N. Balakrishnan, District Board Engineer, Guntur District. 

Mr. G. B. Vasyani, Assistant Engineer, Roads, Karachi Municipality. 

Mr. G. P. Bay, District Engineer, Puri. 

Mr. M. P. Oherian, Municipal Engineer, Tuticorin (South India). 

Mr. Sbanker'Rau Panje, District Board Engineer, Kistna District, Ghilakalapudi. 
Mi.' Joti Prasad, District Engineer, Narsinghpur. 

Mr. Iqhai Narain. Mehta, Municipal Engineer, Multan. - 

Mr. Hari Shanker Sharma, District Board Engineer, Meerut. 

Mr. K. V. Srinivasamurti, Assistant Engineer, Kolar (Mysore). 

Mr. P. Q. Mathew. DLsbrioh Board Engineer, Vizagapatam District, Bobbili. 



Mr. Uitam OhandGaup, Offg. Gapriaon Bnginesp, Military Baginaar Services 
Quebta. 

Mr. K. B. Devasthala, Disbriob Eaginaer, Disbricb Council, Yeobmal, G.P. 

Mr. Bamobandra Subrahmanyam, Executive Engineer, Madura Municipality. 
Mr. T. 0. Gue, Chief Engineer, Bewa State. 

Mr. C. P. Sakscna, Assistant Engineer, Bewa State. 

Mr. M. B. Jitnajani, State Engineer, Porbander. 

Mr. N. S. Joshi, Assistant Engineer, Poona. 

Mr. S. B. Bege, Executive Engineer, Sind Public Works Department, Nawabsbab. 

Mr. E. G. Bullen, Offg. Executive Engineer, Southern Shan States, Soilem 
(Burma). 

Mr. H. A. Keatinge, Executive Engineer, Public Works Department. Chittagong. 
Mr. N. D. Gupta, Asphalt Engineer, Standard Vacuum Oil Go , Calcutta. 

Mr. J. Vesugar, Under Secretary to the Govt, of the Punjab, P.W.D. 

Mr. P. H. Uogshaw, Superintending Engineer, P.W.D., Central Circle, Writers 
Buildings, Calcutta 

Mr. K. J. Sbivdasani, Chief OQicor and Engineer, District Local Board, Larkana 
Mr. J. M. Fetters, District Bopresentative of Caterpillar Tractor Co., Calcutta. 
Mr. H. B. Parikh, Special Boad Engineer in Sind, Karachi. 

Mr. P. V. Chance, P.W.D., Baipur, O.P. 

Mr. J. M. Todd, Executive Engineer, Moulmein Division, P. W. D., Moulmein, 
Burma. 

Mr. G. £. Scott, Superintending Engineer, Taunggyi, Shan States, Burma. 

Mr. B. McIntosh, Executive Engineer Waltair, Yizagapatam District, Madras 
Presidency. 

Mr. C. E. de la Nougerede, Assistant Garrison Engineer, Gialoutta Division, 
Calcutta. 

Mr. J. P. H. Nicolson, Chief Public Works Officer, Federated Shan States, 
Taunggyi, Burma. 

Mr. R. Trevor .Tones, Superintending Engineer, P. W.D., B. & B Branch, Punjab. 
Mr. C. A. Brown, Executive Engineer, Motihari Division, Motihari (Bihar). 

Mr. 8. C. Ghatterjoo, Superinteudiug Engineer, Central Circle, Calcutta. 

Bal Bahadur ChhuttaoLal, Betired Chief Engineoi', the Mall, Lucknow. 

Mr. A. Brebner, G.I.E., Chief Engineer, Central P.W.D., Simla ^ 

Mr, 0. D. N. Meares, O/o Standard Vacuum Oil Company, Calcutta.' 

Mr. H. A. Hyde, Chief Engineer, P W D , Central Provinces, 

Major W. B. Wishaw, O.B.B , M.O., B.E., Engineer-ln Chief's Branch, Army 
Headquarters, Simla. 

Mr. G. M. Boss, Chief Engineer and Secretary to the Government of the N.W.F.P,, 
P.W.D. 

Mr. Murari LaC Assistant Engineer, P.W.D., Eobtak. 

Oaptojin-James Stuart, Executive Euginoor, P.W.D., Banpu. 

Mr. S. 0. Dam, Executive Engineer, Bajshahi Division, Bajshahi, Bengal.' 



288 


Hr. T. V. Sundarasan, Bangalore. 

Captain Eoscoe Clayton, Garrison Engineer, Wana, Waziristan. 

Captain "W.B. Gunnell, Messrs. Eord & Macdonald Ltd.^ Vacma Building, 
Connaught Place, Now Delhi. 

Lt. Col. W. doH. Haig. D.S.O., Ohiof Engineer, P.W.D., B. & B. Branch, 
United Provinces. 

Mr. P. D. Wellwood, Chief Engineer, Mayurbhanj State, Eastern States Agency, 
Baripade. 

Mr. P. A. Betterton, Chief Engineer, P.W.D. Bihar. 

Mr. E. A. Kerr, C/o. The Burma Oil Co. Ltd., Rangoon. 

Mr. 0. L. Berg, Executive Bngiueer, P.W.D. Oflicos, Chopauk, Madras. 

Mr. A. E. 0. Morris, Branch Manager, ^IcKonzies Ltd., Esplanade, Madras. 

Mr. W. L. "Murrel, Otfg Superintending Engineer, Chhoia Nagpur Circle, Eonebi. 
Mr. A. N. Chopra, Executive Engineer, P.W.D , Taungao, Burma. 

Mr. M. H. Naqvi, Executive Engineer, P.W.D., Bhir Hyderabad (Deccan)., 

Mr. G. A. M. Brown, Superintending Engineer, P.W.D., N.W.P.P., Bannu. 

Mr. Mahahir Prasad, I.S E., Executive Engineer, P.W.D. (B & R), Agra. 
Brigadier E. 0. Walker, Chief Eugineer, Southern Command, Poona. 

Mr. Prem Nath, District Engineer, Holkar State, P.W.D., Garoth ( 0. I. ) 

Mr. S. N. Tripathi, Asst. Engineer, P.W.D., C.P., Chhindwara. 

Mr. J. 0. Guha, Executive Engineer, P.W.D., Burdwan Division, Hoogly. 

Mr. M. A. Rangaswamy, District Engineer, Darbhanga (Bihar). 

Mr. P. L. D. Wooltorton, Executive Engineer, Moiktila Division, (Buildings & 
Roads), Meiktila. , 

Mr. D. P. Nayar, P.W.D., Buildings and Roads Branch, Lahore. 

Mr, Ali Ahmad, Superintending Engineer, P.W.D., Assam, Shillong. 

Mr. Ramesh Ohandra, Executive Engineer, Lower Assam Division, P.W.D., 
Gauhati, (Assam). o 

Mr. H. G. Cocksedge, P.W.D. (Assam) Shillong. 

Mr. D. 0. Datta, P.W.D., Dibrugarh, (Assam). 

Mr. Sudhindra Kumar Datta, Asst. Engineer c/o Bxcoutivo Engineer, Khasi & 
Jaintia Hills Division, Shillong. 

Mr. K. E. L. Pennel, Superintending Engineer, P.W.D., Shillong, (Assam). 

Mr. P. E. Oormack, Executive Engineer, Khasi & Jaintia Hills Division, 
‘ P.W.D., Shillong (Assam). 

Mr, B. C. Das, Sub-Engineer, Local Board, Tezpur, (Assam). 

Mr. Paqir Mohd, Khan, Executive Engineer, P.W.D., Dera Ismail Khan. - 

Mr. P. Venkataramana, Executive Engineer, P.W.D., Bezwada (Madras 
Presi^nay). 

Mr. R, N. Dogra, Apprentice Engineer, 1st Lahore Provincial Division, Lahore. 

Standard-Vacuum Oil Company, Neville ’House, Ballard 
Estate, Bombay. < 

Lu^W ^'“®^®‘^Sineer, P.W.D., Buildings ^and Roads Branch, 



284 


Mr, S. S. Sharma, Asst. Engineer, F.W.D.i Benares Provincial Division, 
Benares. 

Mr. D. S. Desai, G/o Messrs. Braithwaite & Co., (India), Ltd., Calcutta. 

Mr. Raj Mohan Nath, Asst. Engineer, P.W.D,, Assam, Nowgong P.O. 

Mr. Bidhubusau Olmudhury, Asst. Engineer, P.W.D., Assam, Shillong. 

Jlr. B. N. Bose, Asst. Engineer, P.W.D., Bengal, Calcutta. 

Mr. W, T. Eccleston, Executive Engineer, Multan, 

jSIr. M. D. Bhai'ucha, C/o The All India Construction Co,, Ltd., Bombay. 

Mr, 0. S. Venkatasubrahinanya Iyer, District Board Engineer, Nilgiris, 
Ootacamund. 

Mr. K, V. Karve, Asst. Engineer, P,W.D„ Mysore, Shankanipuram, Basavan- 
gudi Post, Bangalore City. 

Mr. W. Lawloy, Executive Engiueer, P.W.D., Mardan, 

Mr. K. Subha Rao, Municipal Engineer, Guntur. 

i^Ir. S. K. Banorji, Assistant Engineer, Rewa (Central India). 

Eai Sahib Eidar Nath, Sub-Divisional Office!', Public Works Department, 
B. & R. Branch, Jullundur Gantt. 

Mr, A. W. Nightangle, Superintending Engineer, Dowlaishweram Circle, 
Dowlaishweram (Madras Presidency). 

Eai Sahib J. N. Gupta, Sub-Divisional Officer, P.W.D., Shillong, (Assam), 

Mr, G. N. Dutt, Sub- Divisional Officer, Public Works Department, Kohima, 
(Naga Hills, Assam). 

Mr, M, S. Duraiswami Ayyangar, Executive Engineer, Public Works Department, 
Kottayain (Travanooro). 

Mr, 0, M. Shahani, C/o Braithwaite &0o., (India) Ltd., Calcutta, 

Eai Sahib N. H. Yakil, District Engineer, P.O. Motibari, Champaran. 

Mr. I, Morgan, 103, Clive Street, Calcutta. 

Mr. P. T. Narayana Nayar, District Board Engineer, Tinnevelly (Madras 
Presidency). 

Mr. K. S. Gangadhara, Assistant Engineer, Kadur (Bangalore). 

Mr, N, Sarabhoja, Superintending Engineer, Irrigation Circle (K.E.S. Works) 
Bangalore (Mysore). 

Ob. Madhava Rao, L.E. Assistant Engineer, Ongole District Board, Bapatla, 
Guntur Distt. (Madras Presidency). 

Mr. Devi Dayal, Executive Engineer, Public Works Department , Assam, 
Dibrugarh, . 

Nawab Absan Yar Jung Bahadur, Chief Engineer and Secretaiy, Drainage 
Works, Hyderabad Deccan. 

Mr. N. R. Bdiba, D 57/35, Aurangabad Road, Benares, 

Rai Bahadur Gobindaswamy Naidu, Assistant Engineer, Pithapuram, (Madras 
Presidency). 

Mr. K, Barua, Assistant Engiueer, Public Works Department, Gaubati (Assam). 

Mr, B. Satyanaraya^, ,L.F. Assistant Engineer, Eamchandrapuram, East 
Godavari Distiict. 

Mr, S, A. Kikkerij_^, Club House Road, Mount Road P.O. Madras, 



285 


Mr. B, D. Pacel, Executive Engineer, Special Koads Division, Hyderabad (Sind). 

Mr. S. Narayanaswami, District Board Assistant Engineer, Satpur, Kamnad 
District. 

Mr. K. Eajam, Assistant Engineer, Public Works Department, French Eocks, 
Mysore State. 

Mr. H. P. Sinha, Executive Engineer, Central Public Works Department, 
New Delhi. 

Mr. Vaman J. Kunti, State Engineer, Jainkhandi. 

Mr. M. T. Adalja, Chief Engineer of Baroda State, Anand Bungalow, Jail Eoad, 
Baroda. 

Mr. C. P. Hunter, Deputy Chief Engineer, P.W.D., Buildings and Boads Bianch, 
Lucknow. 

Mr. D. H. Eanade, B.E., C/o^Iessis. Eanado Bros., Engineers and Contractora, 
Poona 2. 

Mr. A. Eastmond, M.C., I.S.E., E.'ceeutive Engineer, Kumaun Division, Nainital, 

Mr. P. K. Mukherji, District Board Engineer, Cocanada, (East Godavwi), 
Cocanada. 

Mr. J. Bakshi, Executive Engineer, Cuttack. 

Mr. G. B. Sankaram, L. F, Assistant Engineer, Anmiapuram, East Godavari 
District, Madras Presidency. 

Mr. V. A, Dighe, Chief Engineer, Janjira State, Janjira Murud. 

Mr. A. Burns Lawson, The Hindustan Construction Company Limited, Bombay. 

Mr. D. B. Panoholi, State Engineer, Dhiangadlua State, Dhrangadhra 
(Kathiawar), 

Mr. N. P. Sundaram Pilloi, District Board Engineer, Trichinopoly. 

Mr. A. W. H. Dean, Superintending Engineer, Central Public Works Department, 
New Delhi. 

Mr. J. Kurian, Engineer to the Corporation of Madias, Madras. ' 

Mr. Dlfat Eai Ohaddha, Mohan Newas, P. 0. lobbia, Lahore, 

Mr. S. P. Ohowdhury, Assistant Engineer, P. 0. Gobpur, Distb. Darranga, 
(Assam). 

Mr. J. N. Das Gupta, Assistant Engineer, Delhi Municipal Committee, Delhi. 

Mr. 0. M. Bennett, Executive Engineer, Public Works Department, Koraput 
Division, Koiaput, (Oiissa). 

Mr. M. S. Bisht, Assistant Engineer, Public Works Department, Naini Tal. 

Mr. M.'I. D. Mufti, Garrison Engineer’s Office, Fort William, Calcutta. 

Mr. A. Stuart Lewis, The Concrete Association of India, Calcutta. 

Mr. S. Eamanujacharj’a, Assistant Engineer, Public Woiks Department, Koiaput, 
Via Salvi, (B. N. Ely.), 

Captain J.-E.,..HaiD3wortb, Executive Engineer, Peshawar Canals Division 
Peshawar. 

Mr. A. V. Gharpure, O/o The Indian Hume Pipe Co., Ltd., Delhi. 

Mr. Qopal D^^^ub-Divisional Officer, Public Works Depart(ment, Hissar, 

Mr. M. M. DosKj,^0/o,Tlie Indian Hume Pipe, Lucknow, 

My,^EvK. Savkar, Municipal Engineer, Lucknow. 



286 


Mv. V. i[. jMeawani, Indian Hume Pipe Company, Lucknow. 

itr. Cham Ohandia Bagchi, Suh-Diviaional Officer, Lucknow University, 
Lucknow. 

Mr. Upendra J. Bhatt, State Engineer, Public Works Department, Bhavnagar 
State, ‘Bhavnagar. 

Mr. .\bid Beza Ohoudhurj', Sub-Divisional Officer, Public Works Department, 
P. 0. Goalpara, Distt. Goalpaia, (Assam). 

Mr. V. M. Sukbatankar, District Engineer, District Local Board, Belgaum. 

Mr. O. 0. Kutty Krislinan, Hoads Engineer, The Standard Vacuum Oil Co., 
Mamhichetty Street, ^ladras. 

Mr. il. E. Lloyd, .Asphalt Engineer, Standard A’^aeuum Oil Co., Calcutta. 

Mr. P. Sitajuddin, District Board Engineer, West Tanjore, Tanjoie. 

^Ir. D. .1. Plumley, State Engineer, Jagdalpur, Eastern Slates Agency. 

Mr. S. S. Bbagat, Eicecutiva Engineer, Meerut. 

Jlr. E. T. Burton, Standard Vacuum Oil Company, Kaiachi. 

Mr. Dilbagli Singh Dhesi, State Engineer, Jind State. 

Mr. M. P. Nagarshetb, Broach (Bombay Presidency). 

Bai Sahib L. Eateh Ohand, Secretary-Engineer, District Board, Bijnor. 

^Ir. P. B. Jiviajni, Assistant Engineer, Jacobabad. 

Mr. B. P. G. Gilmore, Director, Industrial Research Bureau, Indian Stores 
Department, Simla/ Delhi. 

Afr. B. 0. De, Sub Engineer, P.W.D , Silchar (Assam), 

Mr. H. Willcoks, Superintending Engineer, Cential P.W.D., New Delhi 
Air. H. M. Shalmni, Supervisor of Works, Hyderabad Sind Municipality. 

Air- S, Trollip, General Manager, The Bombay Electric Supply and Tramways 
Company, Limited, Bombay. 

Mr. G. K. Adshetti, Karachi. 

Air, N, Lakshminaiasimbaiya, Executive Engineer, Hassan. 

Air. B. S, Hodgson, O.B.E. 

Air. K. Eamomurty Pantulu Garu, Public Woiks Supervisor, Vizagapatam 
Municipality. 

Mr. H. A. Harris, Executive Engineer, Lyallpur. 

Air. AI. A. Bamannjam, Assistant Engineer, Alysore. 

Air. 0. J. Fielder, c/o Messrs. Turner Morrison & Co. Ltd., Calcutta. 

OapTiain G. F. Hall, Chief Engineer, Bibar. ~ 

Mr, H. E. Sayoji, Assistant Engineer, District Board, Kistna, 

Mr. H. P. Barua, Executive Engineer, Gauhati. 

Mr. N. D. Wale, Engineer, Municipal Borough, Hubli District, Dharwar. 

Mr. M, N. Zutshi, Engineer, District Board, Gorakhpur. 

Air. S. Guruswaml, Assistant Inspector of Local Works, Muzaffarpui\ 

Air. N. N. MahU, ^mla Central Division, Simla, o 

Mr, A. N, Bose, S^rintending Engineer, Central Cirola, pMculita; - ~ 



287 

INDIAN EOADS CONGEESS. 

LIST OE ASSOCIATE MEMBBES. 

September, 1936. 

Mr. H. E. Ormerod, The Associated Cement Companies of India Co., Ltd., 
Forbes Building, Home Street, Bombay. 

Mr. Nurmohamed M. Chinoy O/o The Bombay Garage, Ohowpatty, Bombay, 
ilr. Th. 0. Marsohalko, Chief Engineei*, Texas, Co., India Ltd., Bombay. 

Mr. 0. G. Hogg, Eepresentative of General Motors (India) Ltd., Bombay. 

Mr. 6. L. W, Moss, Technical Service Manager, Dunlop (India) Ltd., Calcutta. 

Mr. W. H. Kerr, District Sales Manager for Northern India of Bitumen, 
Emulsions (India) Ltd., O/o The Eawalpindi Club, Bawalpindi. 

Mr. A. G. Senapatty, Engineering Contractor, Bangalore. 

Mr. Mohd. Khan, Government Contractor, New Gate, Bampura, Peshawar. 

Mr. T. N. Gupta, Jhansi. 

Mr. Hugh James, Burma Shell House, Connaught Circus, New Delhi. 

Mr. J. B. Pennyquick, C/o Messrs. Jackson Co., Bombay. 

Mr. J. "W. Smith, O/o Standard Vacuum Oil Co., Calcutta. 

Mr. J. Harris, District Board Engineer, Civil Lines, Sahnranpur. 

Mr. 0. L. Katarmal, State Engineer, Orcha State, Tikkamgarh, (Central IndW. 

Mr. E. "W. Barnhart, District Eepresentative of Caterpiilev Tractor Co., O/o 
The American Consulate, Calcutta. 

Mr. J. P. Anderson, Dunlop House, Calcutta. 



INDIAN ROADS CONGRESS 

STANDARD SPECIFICATION AND CODES OF 
PRACTICE FOR ROAD BRIDGES IN INDIA. 


This book has recently been published by the Indian 
Roads Congress for the guidance of highway engineers in 
India, and deals with bridge loading, specifications and data 
for the design of road bridges in steel and reinforced con- 
crete. The book contains 135 pages printed on good quality 
paper and is bound in full rexine 

Price Rs. 5/- (excluding postage) 


Available front-.— 


The Secretar:p, Indian Roads Congress, 
Qjo Department of Communications, 
Government of India, Roads Branch, 

Simla/New Delhi. 


87 


the Second Indian Roads Congress held in 1936, in which Colonel Haig pointed 
out very definitely the fact that there is the light cart as well as the heavy. 
Most road engineers will agree with Colonel Haig. As the cost of production of 
lighter pneumatic equipment should bo less, and as this differenoe'would doubt- 
less decide many thousands of cart ownera to modernise their light carts, would 
it not be a sound idea to cater early for this potential light-cart demand ? 
Unless some suoli move as this is effected I feel sure that, after British and " 
Indian interests have done the pioneering work, Japanese and German interests 
will invade the market with lighter and cheaper equipment. 

There is one further point 1 would like to mention, and that is the part 
that wide, solid, rubber tyres might play in this work of improving the bullock 
oai’t wheel. One of tlie best papora 1 have seen on the correlation of impact, 
speed, and nature of tyro was tliat puldished in Volume 227 of the Proceedings 
of the Institute of Civil Engineers. The perusal of suoli papers would seem to 
indicate that tlie solid rublior tyre would not preclude the possibility of having 
a taper roller bearing, and tliat such a tyre might l)e an honest rival to the 
pneumatic tyre within bullock cart speeds. It is porha])s on tliis line that 
British and Indian intoi'osts may bo attacked. 

Mr. A. W. H. Bean (Delhi): — ^I feel that my personal experience in the 
last year may be of interest. A little time ago the municipality of New Delhi, of 
which I have been president for the last year, experimented with loaded bullock 
caris fitted with ordinary iron tyres and with pneumatic tyies to determine the 
difference in tlie wear of the road caused by them. Tliey sent out two carts 
similarly loaded each round its own circle fora period of three months. The result 
was that the ordinary iron tyred cart completely destroyed the road, while the 
pneumatic tyred cart did little damage. The municipality got the local Govern- 
ment to make bye-laws restricting ceilaiin roads in Now Delhi to carts fitted with 
pneumatic tyres only. They also uTole to the Local Public Works Department 
asking them to put a clause in their contract form limiting the use of vehicles 
either carts or lorries working on Puplic Works Department contracts to those 
fitted with pneumatic tyres only. This was done. Wo have had since two strikes 
of carters and Thulaitialtis, and as a result of the first strike in the hot weather the 
clause in the Pulilio Works Department contracts was indefinitely suspended 
and up to now has not boon roiinposed. Very considerable modifications were 
also made by the local Government in the Now Dellii bye-laws. So it will be 
seen that it does not pay to go too fast with that sort of thing. With regard to 
the last speaker who was speaking about the various types of pneumatic tyre 
equipment, I was myself going to ask the author of the paper if he could indicate 
approximately what type of equipment he meant when he said it could be bought 
for Es. 150/- or Rs. 200/- per cart. I went into the question and found that the 
people who sell these things put forward four or more different types and as far 
as I remember it was only a very light typo of cart which could bo purchased for 
Es. 150/-. The typo of thing which we needed for carrying the ordinal"}' Delhi 
conti'actor’s load would cost almut Es. d50/-. 

I sliould like to put another question to tlie author of tl)o paper. Can lie 
give any information, if ho has any idea, as to tho life of those pneumatic tyres. 
I know that tlie wear on them duo to abrasion is very slight, but I personally 
think that there is a tendency for rubber tyros to perish in this country. Will 
thoso tyros give 2i to 3 years’ serWco irrespootivo of whether they do 8,000 miles 
or 10,000 miles ? I wonder if tho author of tho paper can give us any informa- 
tion on that point. 

Colonel W. de H; Haig : (United Provinces):— Mr. Eadioe suggested just 
now that tho road engineer might assist in the introduction of rubber-tyred oarts 



